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A DESCRIPTIVE STUDY OF THE SPECTRA OF THE 

A-TYPE STARS 

BY W. W. MORGAN 

1. There is probably a greater diversity in appearance among the spectra of class A than in any 
other type. It is well known that lines of singly ionized calcium, europium, manganese, chromium, 
silicon, and strontium show considerable differences in intensity between certain stars. Many of the 
most striking dissimilarities cannot be explained by differences in temperature or surface gravity in 
the stellar atmospheres and form at the present time one of the most puzzling problems in astro- 
physics. The observational material for most of the peculiarities is quite scanty, while for not one 
star can it be said to be completely satisfactory; even in the case of such much-observed objects as 
Algol and ]8 Lyrae there are fields of investigation which have hardly been touched upon. It is the 
purpose of the present paper to give as complete a description of A-type spectra as can be made 
from plates of moderate dispersion. The study will be divided into the following sections: (I) a 
general survey of the behavior of the most abundant elements; (II) a detailed description of the 
spectra of thirteen type stars. 

I. A GENERAL SURVEY OF TEE A-TYPE SPECTRA 

2. If the A stars of some subdivision, for example AO, are examined, a remarkable diversity in the 
appearance of the spectra is apparent. This diversity has been known since the time of Sir Norman 
Lockyer, and subsequent investigations have tended toward complicating the problem through 
the discovery of additional peculiarities. At Harvard a considerable number of spectra were found 
in which the lines of Si n and Sr n are exceptionally strong; the identification of peculiar lines in 
a Andromedae and a Canurn Venaticorum with ionized manganese and europium was made by 
Baxandall; at Mount Wilson spectra were observed in which lines of Y n and Cr n are outstanding; 
Edwards has observed a number of spectra in which the K line of Ca u is abnormally weak. Addi- 
tional examples of these peculiarities have been recorded at Yerkes. The variability in intensity 
of the lines in a number of these stars has also been established. 

It is apparent that a one-dimensional system of classification cannot be satisfactory in the case 
of such a complex group of spectra. Former investigations have indicated that the A-type stars will 
not fit even into a two-dimensional scheme. Instead of limiting the number of available dimensions 
to those physically interpretable, an attempt will be made to describe the behavior of each of the 
more important elements with respect to each of the others. This method of treatment was first 
suggested by Struve and was applied by him to the B-type stars. 1 

3. As no limitation is to be placed on the number of empirical variables which may appear, any 
observed quantity which changes among the spectra could be used for arranging the stars in a pri- 
mary one-dimensional system. It is convenient, however, to exercise a certain selection. As the 
stars to be considered have already been limited to those in the Henry Draper spectral range 
B8-FO it is of some advantage to have a fundamental dimension which roughly parallels the Har- 
vard sequence and which does not pass through a maximum in the range considered. It should be 
noted that such a selection limits in no way the generality of the discussion as all other variations 
will appear later. 

The use of ratios of intensity of two lines is unsatisfactory because of the uncertainty of not 
knowing how much each line contributes to a change in the line ratio. For this reason, in spite of 

l Ap. J., 78,73, 1933. 
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the fact that intensity ratios can probably be estimated more accurately than individual line intensi- 
ties, it is preferable to investigate the behavior of the intensity of individual lines. The funda- 
mental dimension will, therefore, be the intensity of a single line. The line should not pass through 
a maximum and should show a considerable difference in intensity in the range B8-FO. Practical 
considerations suggest that the line should be strong enough to be observable in all of the stars 
considered and that it should be sensibly unblended. 

There are two lines which satisfy these conditions: Ca u K and Fe i 4045. The K line shows a 
greater range in intensity among the A stars than does any other; its one disadvantage is that 
it is rather far toward the violet for convenient observation on some series of slit spectrograms. 
Fe i 4045 is just observable at B8-B9 and increases in intensity fairly uniformly to FO. Its dis- 
advantages are that its range in intensity is much less than K and that it is too weak to be ob- 
servable in some B8 and B9 stars. In spite of its inconvenient location, K is probably the most 
suitable line. There is the further advantage in its use that it is one of the principal standards for 
spectral type in the Henry Draper system. 

4. The observational material consists of all of the stars observed at Yerkes between types B8 
and FO for which good spectrograms are available. Spectra in which the absorption lines are sensi- 
bly broadened on plates of one-prism dispersion were omitted because of the difficulty of making 
estimates of line intensity which are consistent with those from narrow line stars. The subdivisions 
B8 and FO are not complete; the B8 stars are included in Struve's paper, while the FO spectra are 
being investigated by Hynek. The number of stars used is about one hundred and thirty. Almost 
all of these are brighter than magnitude 5.5; a few fainter objects of special interest have also been 
included. Most of the plates were obtained on the general radial velocity programs of the B and A 
stars at Yerkes and the others were taken for various special investigations during the last five 
years. All of the spectra used in the present section are of one-prism dispersion and have a scale of 
30 A per millimeter at X 4500. 

As some of the spectra were taken as long as thirty years ago, the emulsions and treatment of the 
plates in development have been widely different. This introduces the principal source of uncer- 
tainty in the estimates of the line intensities. On the Eastman 40 plates used for the basis of the 
estimates the lines are slightly weaker systematically than on the early Seed 27 and Seed 30 plates. 
A fairly accurate measure of this systematic difference was made from spectra of the same star 
obtained on different emulsions and the difference was then allowed for. 

5. The intensity of Ca n K was estimated for all of the* stars on an arbitrary scale which was 
adjusted so that a difference of one unit is apparent to the eye but is still a comparatively small 
amount. On plates of good quality of the same star the intensity estimates of K rarely differ by as 
much as one unit; it is possible that for a few stars for which only poor spectrograms were available 
the uncertainty may be as much as two units, but the mean deviation of a determination of the 
intensity of K is considerably less than one unit. It is very improbable that any star is in a group 
more than two units from its correct place. Table I gives the stars in the order of intensity of K, 
which ranges from an intensity of 2 to 16. As the intensity 1(5 refers to the F5 star Procyon, which 
was included for purposes of comparison, there are in reality fourteen groups within the spectral 
limits included. No effort has been made to arrange the objects in each group in the order of in- 
tensity of K ; any such differences are small and are of the same order as errors due to the difference 
in quality of the spectrograms. The columns in Table I give : ( 1 ) a serial number ; (2) the name of the 
star; (3) the H.D. spectral type; (4) the intensities of Can K, Fei4()45, Si n 4131, Srn4215, 
Fe u 4233, Hy, He i 4471, Mg u 4481, Ti n 4501, Fe u 4508, and Cr u 4558. The intensity of X 4233 
is not given in the stars where Fe i is strong because Fe n becomes blended with a strong line due 
to Fe i. An o placed immediately before the name of the star denotes a c-star. Intensities placed 
within brackets denote that the line is variable in intensity. 
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TABLE I 
ESTIMATED INTENSITIES OF LINER IN 125 STARS 



No. 


Star 


H.I). 
Spec. 


r 11 K 


*Y i 4045 


,S n 4131 


.Sni 4215 


Ff n 4233 


7/rj4471 


Mi/ n 1481 


T/ n 4501 


AVn 4, r >08 


t'r n 4558 


1 


i Lib 
41 Tau 
Aur 
0Per 
a And 

a 2 C Vn 
r 9 Eri 
BS 1643 
36 Lyn 
co Cas 
22 Eri 
P Her(br) 
|8 Tau 
w Her 
v>Sgr 
11 Ori 
84 1) Ma 
7 Ari (S) 
20 Tau 
303223 Lyr 
i And 
47847 Per 
3331f>4 Lyr 

17 Com 
21 Aql 
o Aur 
21 Per 
H Cy K 

TT BOO 

14 Hya 
7 Lyr 
K One 
M Lep 
7 Crv 

56 Tau 
(f> Her 
78 Vir 
73 Pra 
13 Vul 
46 Dra 
v Her 
108 Vir 
aScl 
a Psc 
45 Her 
BS 1035 
BS 1732 
tUMa 
49 Cnc 
52 Her 
BS 5355 
4 Lac 


AOp 
AOp 
AOp 
B8 
AOp 

AOp 
AOp 
AOp 
B8 
B8 
B8 
AO 
B8 
AOp 
B8 
B9 
AOp 
AOp 
B5 
B8 
B8 
B8 
B8 

AOp 
B8 
AO 
AOp 
B8 
AO 
B9 
AOp 
B8 
AOp 
B8 

AOp 
B9p 
A2p 
A2p 
AO 
AO 
B9 
B9 
B5 
A2 
AOp 
B9p 
AOp 
AOp 
AOp 
A2p 
AOp 
B8p 


2 
2 
2 
2 
2 

[3] 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
[7] 
7 
7 
7: 
7 


1 

1 
1 
1 



1: 
1 
1 




1 

1: 
2 
1: 
1 
1 
2 
1: 
1: 
1 
1: 


2 
1: 
3 

[1 41 
1: 



1: 
1 
1 

1 
1 
4 
5 
1 
1 
1: 
1 
1 
1 
1 
1: 
1 
1 
2 
3 
5 
1: 


5 
5 
6 
2 
2 

4 
8 
7 
1 
2 
3 
1 
2 
1: 
2 
2 
1 
2bl. 
1 
1 
2 
3 
2 

1 
3 
1: 
5 
2 
3 
3 
1 
3 
3 
1 

8 
2 
1 
1 
1 
2 
2 
1 
2 
1 
2 
5 
8 
1 
6 
1 
1 
5 


1 
1 
1 



1 
1 

[1] 

1 


1: 
1: 

2 
1: 
1 
2 
2 




1 

141 
1 
1 
3 

1 



1 
1 



1 
1 

6 
10 
1: 
1 
1 

1 
1 
1 


1 


1 

3 
4 
1 
1 

[3] 
4 
3 
1 
1 
1 
1 
1 
4 
1 
2 
4 
3 
1 
1 
1 
1: 
1 

[4] 
2 
4 
2 
2 
2 
2 
1 
2 
2 
1 

3 
2 
6 
[61 
2 
1 
1 
1 
2 
2 
4 
5 

[3] 
3 
4 
3 
Var 
3 


1 
1 

0? 
2 

1 

2 

2 

2 
1 

HI 

1 
1 
1 
1 
1 


3 


1 
1 
1 
1 
1 
1 
1 

1 
1 



1 
1 
1 
1 

2 
1 

4 

[1] 

1 


2 


2 
2 
4 
4 
2 

2 
4 
2 
3 
2 
2 
3 
2 
4 
5 
2 
4 
3 
1 
4 
2 
2 
2 

4 
4 
3 
2 
3 
4 
3 
3 
3 
3 
2 

2 
5 
5 
6 
3 
3 
3 
2 
2 
3 
4 
8 
[3-6] 


1 
1 
1 
1: 
1: 

1 
1 
1 
1 


1 
2 
1 





1 

1 

2 
2 


1 


1: 
1 

1 
1 
1 
[4] 
1 
1 
1 

1 
1 
1 
1: 
1 
1 
2 
1 
1 



1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 

1 

1: 

1 



1 
1 
1 
1 



1 



1 

1: 
1: 

1 
1 
1 




1 
1 
1 
1 
1 


1 
1 

2 
1 
1 

1 
1 
1 
I 


1 
1 
2 
1: 
1 
3 
2 
1: 
1 


1 

3 

1 
1 
2 
1 
1 
1 

1 
1 
1: 

1 
1 
3 
5 
1 
1 


1 

2 
1 
1 


2 


3. . . 


4 . . 


5. . . . 


6 . 


7 . 


8 


9 


10 


11 

12 . 


13 


14 . 


15 


16 


17 


18 
19. ... 


20 


21 


22 


23 
24 


25 ... 


26 


27 


28 


29 


30 . 


31 . . 


32. 


33 


34 

35 
36 .. 


37 


38. 


39 


40 
41 


42. . . 


43 


44 
45 
46 ... . 


47. . . 


48 


49 


3 

7 
Var 



4 
3 
Var 
5 


2 
2 


50. . 


51 


o52 
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TABLK I Corrfwuerf 



No 


Star 


H.I.). 
Spec. 


(a n K 


?, i 401, 


.Si n 413 


,Sr TI 421 


Pen 423 


//< 14471 


AfMl44Sl 


Ti n 4f0 


/'V 1 1 450 


Cr n 45.W 


53 ... 
54 ... 
55 . 
50 .... 
57 .... 
5S 
59 
60 .... 
61 
o62 
63 
64 
65 
066 
67 
68 .... 


53 Tail 
29 Vul 
134 Tau 
v Cap 
M Lib 
K Psc 
BS 3082 
K Cop 
a C Ma 
* C'yg 
a l)ra 
14 Cr B 
9 Aql 
17 Leo 
v Cnc 
BS 4072 


B8 
AO 
B9 
AO 
A2p 
A2p 
AO 
B9 
AO 
A()p 
AOp 
AO 
AO 
AOp 
AO 
AO 


8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 


1 
1 
1 

2 

2 
3 
2 
3 
3 
1 
I 
1 
1 
1 
1 
2 


3 
2 
4 
2 
1 
1: 
3 
3 
2 
4 
1 
2 
2 
3 
2 
2 


1 

1: 



7 
4 
1 
2 
2 

1 
1 
1: 

2 
2 


1 
2 
3 
1 

4 

5 
3 
4 
3 
5 
1 
2 
2 
5 
2 
3 


1 
1 
1 





1 

1: 

2 
I 

1 
1 
1 
1 


4 
3 
5 
4 
5 
5 
4 
5 
4 
5 
3 
4 
4 
6 
4 
4 


1 
1 
1 
1 
1 

2 

1 
1 
1 

1: 
1 
1 
1 
1 
1 


1 
1 
I 
1 

1 

2 

1 
1 
1 
2 
1: 
1 
1 
1 
1 
1 


1 


1: 

1 
3 
3 

1 
1 
1 
2 
1 

1 
1 
1 
1 


69 . . 


21 Lyn 


AO 


9 


2 


2 


1: 


2 


1: 


4 


1 


1: 


1: 


o70 

o71 


13 Man 
13 Oep 


AOp 
B9p 


9 
10 


2 



4 
4 






5 
1 


1 
5 


5 

5 


1 



2 
1: 


1 
1: 


72 
73 

74 
o75 
o76 

77 . 


47 Boo 
15 Sex 
a Lyr 
P On 
BS 1040 
136 Tau 


AO 
AO 
AO 
B8p 
AOp 
AO 


10 
10: 
10 
10 
10 
10 


1 
3 
2 

1: 
1 


1 
1 
1 
4 
6 
1 



1 
1: 


1: 


1 
1 
2 
2 
4 
2 


1 


5 
2 
1 


4 
5 
5 
6 

7 
4 


1 
1 
1 
1: 
1 
1 


1 
J 
1 
1 
2 
1 


1 
1 
1 
1: 
1: 
1 


o78 

79 . 


3 Pup 
21 Oph 


A2p 
AO 


10 
10 


3 

2 


5 
2 


1 
1 


8 
1 



1 


5 

4 


2 
1 


3 

1 


2 
] 


80 


o PC* 


AO 


10 


3 


2 


2 


3 





6 


2 


1 


1 


81 
82 


Vir 
14 Peg 


AO 
AO 


10 
11 


3 
1 


2 

2 


2 
1 


2 
2 




1 


5 
6 


1 

1 


1 
1 


1 



83 
84 
o85 
86 


U Ma 

a? U Ma 
a Cyg 
a Gom(br) 


AO 
AO 
A2p 
AO 


11 
11 
11 
11 


2 
2 
2 
3 


2 
2 
4 
2 


1 
1 
1: 
2 


3 
3 
8 
3 


1 
1 
1 




4 
4 

7 
4 


1 
1 
2 
2 


1 
1 
4 
1 


1 
1 
3 
1 


87 
o8S 


TJ Oph 
v Sgr 


A2 
B8p, 


11 
11 


4 
1 


2 

8 


3 
2 


4 

7 " 



4 


4 

8 


2 
1 


1 
3 


1 
3 


89 


7 Vir 


F2p 
AO 


11 


1 


1 


1 


] 





4 


1 


1 


1 


o90 

[91 : ... 

92 


fi Sgr 
i Cas 

IjCO 


B8p 
A5p 
AO 


11 
11-151 
11 



3 
3 


3 
1 

1 


1 
9 
2 


1 
3 
3 







6 
4 
5 



2 
2 


1 
1 

1 


[311 
1 


93 


2 U Ma 


AO 


12 


7 


2 


6 






5 


2 


2 


2 


94 


*y Ocni 


AO 


12 


2 


2 


] 


3 




5 


1 


1 


1 


95 


a Gem (ft) 


A 


12 


5 


2 


3 






4 


2 


2 


2 


96 
97 


77 Vir 
60 Loo 


AO 
AO 


12 
J2 


4 
5 


3 
3 


2 
5 


5 




4 

6 


1 
1 


1 

2 


1 
2 


98 


f U Ma (soq) 


A2p 


12 


6 


1 


4 






6 


2 


1 


2 


09 


16 Ori 


A2 


12 


8 


2 


6 






4 


2 


2 


2 


100 


Ser 


A2 


12 


6 


1 


5 






6 


2 


2 


2 


101 


47 Her 


AO 


12 


5 


1 ' 


3 






5 


1 


2 


2 


102 


21 Com 


A3p 


13 


3 


1- 


[6-10] 


3 




6 


1 


1 


2 


103 . . 


59 Her 


A2 


13 


4 


2 


3 


4 




6 


2 


2 


2 


104 


u Oph 


A2 


13 


5 


1: 


2 






5 


1 


1 


1 
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TAHLE I- Continual 



No. 


.Star 


H.I). 

Spec. 


C,i ii K 


/Yi mi;> 


SMI 1131 


Xru-IUjr 


/Y u 42:1:1 


//< i 447J 


.1/r/n 44S1 


7Vn4Arn 


AY 11 4/iOS 


(ViM/i.W 


105 


BS 5887 


A2 


13 


K 


2 


5 






5 


2 


2 


2 


106 


J5 U Ma 


A3p 


13 


9 


2 


7 






4 


3 


9 


9 


107 


55 U Ma 


A2 


13 


3 


1 


9 


J 




i 


i . 


l . 


1 


108 


95 Leo 


A2 


13 


5 


9 


4 


3 




3 


1 


1 


1 


109 . . . . 


$ Sou 


A2 


13 


5 


2' 


5 






,5 





2 


1 


110 


BS 6455 


A 2 


13 


5 


3 


5 






(J 


2 


2 


1 


Ill 
112 


M On 
BS 5762 


A2 
A2 


13 
13 


5 

7 


2 
2 


A 
5 






5 
5 


2 
2 


2 
2 


2 
2 


1 13 


TT l)ra 


A2 


13 


4 


1 


3 






f, 


2 


2 


9 


114 


19 Aur 


A5{> 


14 


4 


3 


4 


5 




(> 


3 


3 


3 


115 
1J6 


101 Her 
2 Hy,-i 


A3 
A5 


14 
14 


7 
() 


1 
2 


4 

4 






(> 

(i 


3 
2 


3 
2 


2 
2 


117 


<" Lvr 


A3 


14 


S 


2 


7 






5 


2 


2 


2 


1 18 


6 Del 


A 5 


14 


9 


1 


6 






3 


2 


2 


2 


119 


( r B 


FOp 


14 





1 


[3-61 






3 


2 


1 


2 


120 


M Of 


FO 


15 


6 


1: 


5 






f) 


2 


2 


2 


121 


40 Aur 


A3 


15 


9 


1 


7 






4 


2 


2 


2 


122 
123. . . . 


22 Boo 
{ Ser 


A 5 
A 5 


15 
15 


9 

9 


1 
9 


7 
7 






4 
5 


3 
2 


2 
2 


3 
1 


ol24. . . . 
125 


c Aur 
Procvon 


F5p 
F5 


15 
16 


9 
JO 


2 

1 


8 
fi 






8 
I 


7 
2 


7 
2 


6 
1 





























FO 
AS 
A3 
A2 
AO 
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5 078 9 10 11 12 

Fin. 1. Intensity of K plotted against H.I), spectra) types 



14 



15 



The intensities of K are plotted against Heni'3 r Draper spectral types in Figure 1 . The scatter is 
large, especially for classes AO and A2. An idea of the difference in intensity which K may have in 
a spectral subclass can be obtained from Plate I, which shows pairs of stars of the same spectral 
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FIG. 2. Intensities of K, abscissas, and Fe u 4233, ordinates. Open circles are c-stars 
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FIG. 3. Intensities of K, abscissas, and Si u 4131, ordinates. Open circles are c-stars 
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types but having greatly different intensities for K. The K line is considerably weaker in the A2 
stars 78 Virginis and 73 Draconis than in such AO stars as 7 Geminorum, Sirius, and Vega. 

6, Figures 2-6 give the intensities, taken from Table I, of some of the more important elements 
as a function of the intensity of K. The "c"-stars are shown by open circles. Fe n 4233 (Fig. 2) is 
systematically stronger in the supergiants than in the other stars; the two "c"-stars having weak 
4233 are the B8 supergiants Orionis and p Sagittarii. The abnormal strength of the K line causes 
these stars to be placed in a group where the general excitation is considerably lower. The intensity 
of 4233 is not a clear function of absolute magnitude as the line is as strong in such peculiar dwarfs 
as 78 Virginis and K Piscium as it is in most of the supergiants. 
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Flo. 4. Intensities of K, abscissas, and Sr n 4215, ortlinates. Open circles are c-stars 

Si ii 4131 (Fig. 3) shows an even greater range in intensity among stars having K of the same 
intensity. The line is strengthened in the "c"-stars over the normal dwarfs but reaches its greatest 
strength in the "silicon" stars. Previous investigations have placed these peculiar stars in a sepa- 
rate group which is generally considered to be discrete from the ordinary B9 and AO dwarfs. There 
seems to be no well-defined line of demarcation which separates the silicon stars from other dwarfs; 
the intensity of Si n differs considerably among members of the so-called normal dwarfs and also 
among members of the silicon group. This rather uniform scatter is shown in Figure 3. If the spec- 
tra in which K has an intensity of 2 and 3 are considered, we find among the ordinary dwarfs two 
stars (36 Lyncis and p Herculis [br]) having an intensity of 1 for X 4131, two stars Persei and 
w Cassiopeiae) having an intensity of 2, one star (22 Eridani) having an intensity of 3, one (a 2 Canum 
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FIG. 2. Intensities of K, abscissas, and Fe n 4233, ordinates. Open circles are c-stars 
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FIG. 3. Intensities of K, abscissas, and Sin 4131, ordinates. Open circles are c-stars 
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types but having greatly different intensities for K. The K line is considerably weaker in the A2 
stars 78 Virginis and 73 Draconis than in such AO stars as y Geminorum, Sirius, and Vega. 

6. Figures 2-6 give the intensities, taken from Table I, of some of the more important elements 
as a function of the intensity of K. The "c"-stars are shown by open circles. Fe n 4233 (Fig. 2) is 
systematically stronger in the supergiants than in the other stars; the two "c "-stars having weak 
4233 are the B8 supergiants ft Orionis and M Sagittarii. The abnormal strength of the K line causes 
these stars to be placed in a group where the general excitation is considerably lower. The intensity 
of 4233 is not a clear function of absolute magnitude as the line is as strong in such peculiar dwarfs 
as 78 Virginis and K Piscium as it is in most of the supergiants. 
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FIG. 4. Intensities of K, abscissas, and Sr n 4215, ordinal es. Open circles are c-atara 

Si n 4131 (Fig. 3) shows an even greater range in intensity among stars having K of the same 
intensity. The line is strengthened in the "c"-stars over the normal dwarfs but reaches its greatest 
strength in the "silicon" stars. Previous investigations have placed these peculiar stars in a sepa- 
rate group which is generally considered to be discrete from the ordinary B9 and AO dwarfs. There 
seems to be no well-defined line of demarcation which separates the silicon stars from other dwarfs; 
the intensity of Si n differs considerably among members of the so-called normal dwarfs and also 
among members of the silicon group. This rather uniform scatter is shown in Figure 3. If the spec- 
tra in which K has an intensity of 2 and 3 are considered, we find among the ordinary dwarfs two 
stars (36 Lyncis and p Herculis [br]) having an intensity of 1 for A 4131, two stars (ft Persei and 
w Cassiopeiae) having an intensity of 2, one star (22 Eridani) having an intensity of 3, one (a 2 Canutn 
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Venaticorum) of intensity 4, two (t Librae and 41 Tauri) of intensity 5, one (0 Aurigae) of intensity 
6, one (BS 1643) of intensity 7, and one (r 9 Eridani) of intensity 8. It seems, therefore, that the 
"silicon" stars are extreme examples of the large difference in intensity Si n may have among 
..stars of approximately the same spectral type; the present evidence suggests that they probably 
do not form a discrete group. 

The behavior of Sr n 4215 is shown in Figure 4. The line is very weak or absent in the A-type 
supergiants. Most of the peculiar "strontium" stars occur between intensities 4 and 8 for K. In 
only two cases among the stars included in Table I are abnormally strong silicon and strontium 
found in the same spectrum; Si u is strong in 49 Cancri and 21 Persei, while Sr n is also rather 
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Fio. 5. Intensities of K, abscissas, and Fe i 4045, ordinates. Open circles are e-stars 

strong, although X 4215 is considerably weaker than in such stars as 73 Draconis and 52 Herculis. 
The behavior of Sr n is similar to that of Si n in that the range in intensity is large for a given in- 
tensity of K; there also seems to be no discrete grouping of the "strontium" stars with respect to 
the ordinary dwarfs. If the intensity of Sr 11 4215 in the range of intensity K = 4 to K = 8 is con- 
sidered we find: fourteen stars in which the line is absent or doubtfully present (these include the 
only two supergiants in the interval) ; twenty in which 4215 is of intensity 1 ; three (w Herculis, 84 
IJrsae Majoris, and 7 Arietis [s]) of intensity 2; two (21 Persei and 49 Cancri) of intensity 3; two 
(17 Comae and K Piscium) of intensity 4; one (78 Virginis) of intensity 6; two (52 Herculis and 
M Librae) of intensity 7; and one (73 Draconis) of intensity 10. In 73 Draconis the line varies in 
intensity. The distribution is very smooth when the comparatively small number of stars included 
is taken into consideration. 
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The other peculiar A-type stars show similar characteristics. The lines of Mn n, Cr n, Eu 11, and 
the unidentified X 4200 are intrinsically weaker than the Si n and Sr n lines, but all show the same 
scatter in intensity for stars having identical intensities for K. In not a single case do the spectra 
seem to fall into a separate group distinct from the normal stars. There are always as many transi- 
tional examples as there are cases in which the peculiarities, are unusually strong. 

The behavior of Fe i 4045 is shown in Figure 5. Again there is a large vertical scatter in the in- 
tensities. At K = 6, for example, X 4045 is doubtfully present in /3 Tauri and K Cancri while it is a 
strong line in 73 Draconis and 78 Virginia. The scatter is similar to that for Si n and Sr n, except 
that the amplitude is in general somewhat less. The intensity of X 4045 is practically independent 
of the intensity of K over the range K = 5 to K = 12. 
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FIG. 0. Intensities of K, abscissas, and Mg u 4481, ordinatea. Open circles are e-stars 

Figure 6 gives the intensities of Mg n 4481. In this case there is definite evidence that the line is 
strengthened in supergiants as compared with the other stars; there are, however, a number of 
dwarfs, both normal and peculiar, in which X 4481 is as strong as in many of the "c"-stars. The 
same marked vertical dispersion is present as was found for the other elements investigated. The 
difference in intensity of X 4481 shown by two stars having equal intensity for K and possessing 
similar dwarf characteristics is shown in a comparison of <p Sagittarii and 20 Tauri. 

7. The failure of the one-dimensional system to define uniquely the position of an A-type spec- 
trum is apparent. Even after the tacit introduction of a second dimension in the comparison 
of the dwarfs with the "c"-stars, discrepancies are still numerous. The problem will now be limited 
additipnally by the examination of spectra which are located in the same position in a two-di- 
mensional diagram. The primary dimension will still be the intensity of Ca n K while the intensity 
of Fe ii 4233 will be taken for the second co-ordinate. Any other of the elements which have been 
discussed could have been used; the selection is entirely one of convenience. 
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If we refer again to Figure 2, we see that there are several places on the diagram where a num- 
ber of stars fall at the same position. If the stars could be made to fit a two-dimensional scheme, all 
of the spectra lying at a common point should be identical. An investigation of how closely spectra 
located at the same position resemble one another will give an indication of the number of dimen- 
sions it would be necessary to have in the classification scheme to give a unique position to every kind 
of spectrum observed. Several of these points at which a number of spectra are located will be 
examined. 

a) K = 2; 4233 = 1; i Lib, a And, p Per. All of the stronger He i lines are present in Algol. They 
are weaker in a Andromedae and in i Librae. Mg 11 4481 is considerably stronger in Algol than in the 
other stars. Si n is weak in Algol, is slightly stronger in a Andromedae, and is very strong in t 
Librae. The Mn ii lines which distinguish the spectrum of a Andromedae are absent from Algol 
and are so faint as to be only doubtfully present in i Librae. The unknown line at X 4200 is very 
strong in t Librae, weak in a Andromedae, and probably not present in Algol, t Librae is a member 
of the "silicon" group. From the greatly different appearance of these three spectra it is apparent 
that no two dimensions can represent the observed peculiarities. 

b) K = 3; 4233 = 1; 36 Lyn, w Cas, 22 Eri, p Her. With the exception of the Si n doublet, which 
is somewhat stronger in 22 Eridani than in the other stars, the spectra are similar within the errors 
of the plates. 

c) K = 4; 4233 = 1; <|> Sgr, 20 Tau, BS 6968, t And, BS 1063, BS 6997. There are marked anoma- 
lies in this group. Mg n is very strong in ^ Sagittarii and very weak in 20 Tauri ; its intensity is 
intermediate in the other stars. Si u is considerably stronger in BS 1063 than in 20 Tauri. The 
peculiar Mn n lines are strong in BS 6997 ; the two strongest lines are doubtfully present in BS 
6968, while they are completely absent from the other stars. 

d) K = 5; 4233 = 2; 21 Aql, 21 Per, ir Boo (br) 14 Hya, p. Lep, K Cnc. Each of these stars has 
peculiarities which have been noted in former investigations, ir Bootis, 14 Hydrae, n Leporis, and 
K Cancri belong to the group of "manganese" stars. All four stars have Si n lines of moderately 
strong intensity with Mg n 4481 of about the same strength in each spectrum; the lines due to 
Mn ii are outstanding in all and the spectra are similar in other respects. The other two members of 
the group are, however, very different. 21 Aquilae has helium lines which vary both in intensity 
and in degree of sharpness ; its spectrum is typical of a B8 dwarf if the line variations are not con- 
sidered. Si n and Mg n have about the same intensity as in the four Mn n stars, but there is no 
trace of the numerous manganese lines which distinguish the spectra of the former group. The most 
peculiar object in the group is 21 Persei. In this one spectrum Jhere are incorporated most of the 
peculiarities known among the A stars. The Si n doublet is strong, both Mn n and Eu n are well 
marked, Sr n 4077 and 4215 are unusually intense, and the unidentified line at X 4200 is fairly 
strong. 

8. The preceding discussion shows without any doubt that two, or even three, dimensions are in- 
sufficient for a general classification. Many other examples could be given which show the same 
differences in an equally convincing way. An examination of all of the stars located at the same 
position on two-dimensional diagrams shows conclusively that the dispersion in the intensity of 
different elements is not confined to those elements whose behavior has previously been considered 
to be peculiar. Dispersion considerably greater than can be ascribed to observational errors has been 
found for Ca i, Ca n, Mg n, Sc n, and Fe i, as well as for the "peculiar" Si n, Sr n, Mn n, Eu 11, 
Cr i, Cr ii, and Y n. Any complete scheme of classification of the A-type stars would have to be 
almost impossibly complex. For each spectrum to be satisfactorily located, the number of sub- 
divisions necessary would be of the same order as the number of stars observed. 

In spite of the absence of order in the behavior of the elements, or rather because of it, there are 
rather definite indications of a physical parameter additional to temperature and surface gravity. 
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The most likely explanation of the differences in intensity of certain elements from star to star is 
that the effective abundance is different in different objects. This is an agreement with the work 
of investigators of stars of other spectral types. In the 0-type stars in emission, and in the late 
type stars in absorption, differences have been observed which can be explained only on the assump- 
tion that the actual effective amount of certain elements varies. Additional evidence is found in the 
A-type spectrum variables. For a number of these objects the changes cannot be interpreted in terms 
of changes in temperature or surface gravity but seem to be due to variations in effective abundance. 
For all practical uses the original Henry Draper system of classification seems to be the most 
satisfactory for the A-type stars. The introduction of additional subdivisions in an attempt at 
greater refinement seems rather futile when there are so many outstanding cases of objects which 
will not fit even into a rough scheme. If the scheme of arranging the spectra in the order of in- 
tensity of K exclusively were to be adopted, the inconsistencies of other criteria would be even 
worse than in the Henry Draper system. Further, the good correlation between effective tempera- 
ture and spectral type would probably be materially weakened. 

II. THE SPECTRA OF THIRTEEN TYPE STARS 

9. A group of thirteen stars which are representative of the various types of A spectra was selected 
for a more detailed investigation. The first subgroup includes three "normal" dwarfs: a Lyrae, 
7 Geminorum, and 15 Ursae Majoris. Vega is representative of the higher temperature AO dwarfs 
in contrast to such slightly lower-temperature objects as Sirius, 7 Geminorum, and the "brighter 
component of Castor. He i 4471 is represented by a faint unblended stellar line on three-prism 
plates of all three stars while the iron arc spectrum is considerably weaker in Vega than in the 
other spectra. Helium disappears in the dwarfs within the range of stars classed as AO. The point 
of disappearance is well shown in the two brightest components of a Geminorum. X 4471 is present 
in the brighter component and is absent in the fainter one, which is of slightly later spectral type. 
Intermediate between 7 Geminorum and 15 Ursae Majoris is the spectrum of e Serpentis which has 
been previously described. 2 The spectrum of 15 Ursae Majoris (A3p) is described as being com- 
posite by the Henry Draper Catalogue. The K line is only very slightly stronger than in 7 Gemi- 
norum (AO) while the iron arc lines are almost as well developed as in Procyon (F5). The entire 
spectrum originates in one star as the radial-velocity displacements are the same for all lines. 
There is no possibility of accounting for the spectrum by assuming an overlapping of two stars of 
different spectral types. If the metallic spectrum originated in an F5 star, a very strong K line would 
be present. The intensity of K as actually observed is about that of the average A2 dwarf far 
weaker than in such stars as Procyon. 

All lines visible in the ordinary photographic region were measured for wave-length. I am in- 
debted to Miss Christine Westgate for the measures of 7 Geminorum. Three-prism plates which 
had been obtained on Eastman Process emulsion were used for the first two stars for wave- 
lengths longer than X 4340 for Vega and X 4250 for 7 Geminorum. Three-prism spectrograms were 
not available for 15 Ursae Majoris and one-prism plates on Eastman Process emulsion were used. 
The spectrum of the last star is too complex to be investigated adequately on one-prism plates, and 
it has only been included to show the general behavior of the elements on passing from class AO 
to somewhat lower temperatures. The spectrum of 7 Geminorum has been investigated by Al- 
brecht. 3 While the main features of the two investigations are similar, Miss Westgate has meas- 
ured considerably fewer lines than were measured by Albrecht. 

While the stellar wave-lengths listed in Tables II-V should be of fair accuracy, they are not 
intended to serve as standards for radial-velocity determinations. The mean deviation of a line of 
intensity 2 or greater is about 0.06 A. Lines of intensity 1 may occasionally be in error by as 

2 Ibid., 78, 299, 1932. Ibid., 72, 65, 1930. 
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much as 0.3 A, while a few lines included of doubtful reality (1 :) may differ from laboratory wave- 
lengths by 0.4 A. The one-prism plates used have a scale ranging from 16 A per millimeter at K 
to 41 A per millimeter at H0] the three-prism dispersion gives a scale of 8 A per millimeter at 
Hy to 13 A per millimeter at H/3. Plates of uniform quality were not available for all of the stars, 
and as a result fainter lines have been measured in some spectra than in others. An effort was made 
to reduce all intensity estimates to the same scale. The columns in Tables II, III, IV, and V give : (1) 
the wave-length to the whole angstrom ; (2) the decimal of the wave-length as measured in each 
star; (3) the estimated intensity of the line; the last column gives the identifications. 

Table II gives the wave-lengths and identifications for the three dwarfs Vega, 7 Geminorum, and 
15 Ursae Majoris. Relative contributions to blended lines have not been shown; they may be 
determined in any particular case by reference to Table VI on page 1 10, where the behavior of the 
elements is summarized. As in some of the wave-length tables (particularly the supergiants), stars 
of very different effective excitation are included, many contributors listed in the identification 
column apply to only one or two of the stars, and it should not be assumed that all contributors 
listed occur in all of the stellar spectra included in the table. For example, the many Fe i lines of 
intermediate intensity listed in the supergiant identifications apply to the F5 star c Aurigae alone 
and chance coincidences with lines in hotter stars should be disregarded ; in the opposite sense, there 
is a faint unidentified line in Aurigae agreeing in position with He i 4713, but the identification is 
intended for v Sagittarii as helium is not present in Aurigae. 
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TABLE II 
WAVE-LENGTHS AND IDENTIFICATIONS IN DWARFS 



X 


Vega 


y Gem 


15 V Ma 


Identification 


3913 


.48 
.52 


4 
1 


,47 


3 


.81 


7 


Tin .46 (60) 
Pel .64 (2) II 
Fei 4.27 (1) 
F ii 4. 33 (20) 
TV i 4. 33 35 II 

Zrn .94 (25) 

Cri .24 (12) 
Vn .42 (20) 
Fei .74 (3) IV 

Fc .32 (2) 
Fe .42 (2) IV 
Fe .65 (4) IV 
Fe 9.07 (2) IV 
Cr 9.16(35n) 

Fei .26 (0R) I 
O ii .56 (4) 
O n .72 (4) 
Fei .85 (1) 
Cn 1.02 (20) 

Fei .92 (611) I 

Til .51 50 II 
Fei 5.20 (1) 

Fei 5.65 (2) IV 
Fei 5.95 (3) IV 
Hei .53 (1) 

Fei .93 (6R) I 
Til .874011 

Fei .30 (7R)I 
Fri .67 (15) 

Tin 2. 01 (2) 
Can .67 (10) 

Fei 5. 82 (4) III 
7/ci5.91 (1) 

Zrn .06(7) 

Mgi .43 (3r) 

Fei 0.89 (4) II? 
Fei .29 (2) 
Cn .49 (20) 

Fei ,38 (1) 
Fei .45 (3) IV 


3915 


3916 


56 


2 
2 

23 

2 
1 

1 

2 
1 
2 

2 
15 
2 

3n 
1-2 

1-2 


.49 
.66 

.79 

.92 
.31 

5.84 

.88 
.44 
.43 

.93 
.63 
5.96 

.30 
.03 

.56 


8 
8 

7n 

6 
3 

8 

8 
3 

7 

3: 
20 
5 

8 
4 

3 


3918 . 


.31 

.66 

.88 
.86* 

.13 

.74 


In 
1 

1 
1 

1 
2 


.56 

.38 

.88 
.93 

5.92 

.92 
.06 
.31 

.95 
.64 
5.91 

.32 
.25 

.42 


3920 
3922 


3924 


3926 
3927 


3929 


3930 .... 


.41 

.89 
.58 
.02 

.52 
.00 

,39 


3 

1: 

7 
1 

1 
1 

1: 


3931 . . 


3933 
3936 


3938 . 


3941 


3942 
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TABLE II Continued 



X 


V 


ega 


T( 


3 em 


151 


J Ma 


Identification 


3943 


.97 


3 


99 


3 


4.14 


4 


A/i 4.03 (10R) 


3945 


52 


1 


.18 


1 


.02 


5 


Fei 4. 75 (1) 


3947 .... 


.24 


1 


.40 


2n 


.45 


3 


to i 4. 90 (1) IV 
to i .12 (1) IV 
Co i .32 151 

Fei .00 (2) IV 


3949 


22 


1 


8.57 


2 


8.86 


5 


Oi .33 (10) 
Oi .51 (7) 
Fei .54 (2) IV 
0i .61 (4) 
Til .7540n 

Ti i 8. 66 60 II 


3950 


.53 


1: 


.09 


1 


.17 


3 


Fei 8. 78 (4) IV 
La ii .05 (600) 
Fe i .14 (O 2) 
to i .96 (4) III 

Fn .35 (200) 


3952 


00 


1- 


1 95 


2 






Fei 1.1741V 
V ii 1 97 (40) 


3952 










66 


5n 


Fei .61 (4) IV 
Co i .92 25 II 


3955 






.45 


1 


.23 


2 


Fei 3. 16 (2) IV 
Fei .37 (2) IV 


3956 


.41 


1 


.52 


2 


.51 


9 


Fei 5. 96 (1) V 


3958 


.42 


1: 


.19 


2 


.07 


4 


Til .3460 II 
Fei .46 (4) IV 
Fei .68 (6) III 
Fei 7. 04 (2) IV 
Cai7.05 10 III 

C y oi 7.94 (15) II 


3960 






.12 


1 


9.97 


3 


Til .218011 

Zru .23(50) 

Fei 9.29 (1) 


3961 


.47 


2 


.55 


3 


.66 


7 


All .54 (10R) 


3962 






.94 


1 


3 . 35 


3 


Fei 3. 12 (2) V 


3964 


20 


1- 


56 


2 


51 


3 


(7ri3.69 (30) 
Ti i 27 35 III 


3966 


.36 


1 


.73 


1 


.32 


5 


Fei .52 (2) V 
He i .73 (4) 

Fei .07 (5) III 


3968 


.52 


6 


.36 


10 


48 


15 


Fei .53 (1) 
Fei .63 (5) IV 

Ca ii .46 (10) 
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TABLE 



X 


Ve 


g 


>G 


em 


15 r 


Ma 


Identification 


3970 


.50 


50* 


.08 


50 


.10 


12 


H .08 (6) 


3971 










.84 


5n 


M' i 2. 16 10 I 


3973 


93 


1: 






4.24 


6n 


FIT .64 (15) 


3976 


59 


1 






.89 


5 


Fen 4. 17 (*) 
Fe i 4. 39(1) 

Fei .39 (1) 


3978 


.66 


1: 






.70 


2n 


Fei .56 (1) 
Fei .62 (2) IV 
Cn .67 (25) 

Fei .47 (1) 


3980 


.42 


1: 










Co i .66 10 
Co i 9. 53 101 


3981 






.90 


2n 


.59 


3 


Til .7770rll 


3982 .... 










.30 


3 


Fei .78*t3) III 
Tin .00 (tr) 


3983 


.60 


1: 


4.11 


1 


.93 


5-6 


Til .483011 
Fir .59 (150) 

Fei .96 (5) III 


3984 










.81 


2 


Cn .34 (10) 


3986 


29 


I- 






.33 


2 


Zrn .75 (4) 
Fe i . 18 (3) IV 


3986 






78 


2n 


7.04 


3n 


Co i 7.12 (6) I 


3988 










.39 


3 


La n . 51 (500) 


3989 










.10 


2: 


Ken .06 (1) 


3989 






.87 


1 


0.00 


4 


Til .7680r II 


3991 






.25 


2 


.37 


3 


Fei .86 (2) V 
Fei 0.38 (1) V 

Cr 1.12 (20) 


3992 










.97 


2 


Zr n . 14 (40) 
Cri ..68 (10) 

Cn .85 (15) 


3994 










.09 


3 


Fei 3.11 (O 2) 

Fei .12 (1) V 


3995 . . . 










.66 


5-6 


Fei .22 (1) 
















Coi .31 60 II 
La n .75 (400) 
Fei .99 (03) IV 
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TABLE llC&ntinued 



\ 


Vt 


'a 


7< 


Jern 


15 I 


I Ma 


Identification 


3997 


.29 


1 


.27 


4 


.31 


6-7n 


Fci6.97 (1) V 


3999 










.00 


4n 


V ii . 12 (15) 
Fei .40 (6) III 
Co i .91 40 II 
Fei 8. 06 (5) III 

Til 8.63 100RII 


4000 . 










.37 


34 


Zrn8.97 (30) 
Til .347n III 

Fei .26 (1) 


4001 


74 


1 






.81 


2 3 


Fei .46(1) V 
Fe i . 67 (3) III 


4002 






.29 


3n 


.60 


1 


Til .479nIII 


4003 










.85 


1 


Vu .95 (10) 
Fei .77 (1) V 


4004 . 


.82 


2 


5.32 


5n 


5.15 


9 


Til .79 lOnlll 
Fei 5. 25 (1) II 


4006 


99 


1: 






.81 


3n 


Fn 5.71 (60) 
Fei .31 (2) IV 


4007 . 










.58 


1 


Fei .63 (1) IV 

Fei .77 (1) 

Fei .27 (3) IV 


4008 










79 


1 


Fei .85 [201 


4009 


.77 


1 


.70 


In 


.71 


2-3 


Til .923511 
Til .65 15 II 


4010 










.62* 


2 


Fei .71 (5) III 
O ii .59 (3) 


4010 










.99 


1 


Fei .77 [20] 
Fei .95 (1) 

Fei 1.42 (1) 


4012 


.35 


3 


.41 


6 


.36 


6 


Tin .37 (4) 


4013 










.99 


2-3 


Tii .58 12nIII 


4014 ... . 






.32 


1 


.52 


3 


Fei .64 (1) 
Fei .80(2) V 

Fei .28 (02) 


4015 


70 


1 


.56 


2 


.51 


3-4 


Sen .49 (8) 
Fei .54 (4)111 

Ni ii . 50 (1) 


4016 






.96 


In 


7.41 


4 


(i)? .61 (3-3) 
Fei 7. 10(1) 
















Fei 7.15 (3) III 
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TABLE II Continued 



\ 


Ve 


Ka 


vC 


em 


15 U 


Ma 


Identification 


4018 


.69 


1 


.20 


1 


.20 


4 


Mm .11 201 


4020 






.56 


1 


.28 


3 


Fei .11 (2) 
Fei .28 (2) 
Zrn .39 (10) 

Fei .49 (1) 


4021 


54 


1 


.87 


2 


.81 


4 


Fei .62 (1) 


4023 






.38 


2 


.21 


23 


Fei .87 (5) III 
Fei 2.18 (O 2) 

Fn .38 (50) 


4025 


12 


1 


4 82 


4n 


4 86 


6n 


Zr n 4.44 (12) 


4026 


.49 


1 


.46 


In 


.25 


2 


Til 4.5635 II 
Fei 4.75 (2) 
Ti n . 13 (2) 

Fe i .44 (1) 


4027 










27 


2 


** 


4028 


.45 


2 


.33 


5 


.26 


4 


Tin .33 (7) 


4029 . . 






.50 


1 


40 


1 


Fe i .64 (2) V 


4030 


.71 


1 


64 


3 


66 


6-7 


Zrn .68 (20) 
Cr n 37 (prod) 


4031 










85 


3-4 


Fei .51 (3) IV 
Mm .762001 

La n 70 (300) 


4033 
4034 


.20 


1 


2.94 
.36 


3 
2n 


.07 
.47 


56 
4 


Fei .97 (2) V 

F<?i2.64 (1) III 
Mm .07 150 I 

Mn i . 49 100 I 


4035 . 






.66 


3 


73 


5-6 


V ii 62 (40) 


4036 






.86 


In 


7 08 


2 


Mm .73 15 I 

V n 77 (9) 


4038 . 






22 


In 


7 91 


2 


Fe i 7 73 (1) 


4038 










96 


2 


Cm .04 (2) 

Pel 8.82 (1) 


4040 






.18 


2 


59 


1 


Fe. i 10 (O 2) 


4041. : 






.33 


2 


.37 


56n 


Zrn .24 (4) 
Fii .59 (4) 
Fei .65 (1) V 

Fei .29 (1) 


4042 . . . . 






58 


1 


70 


3 


Mm .3750r I 
La n 91 (300) 
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A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE 11 Continued 



\ 


V 


fga 


7 C 


Jem 


151 


I Ma 


Identification 


4043 


.97 


1 


.94 


2 


.93 


2 


Fei .90 (2) IV 


4044 






.64 


1 


.94 


1 


Fei .99 (0 2) 
Fei .62 (2) IV 


4045 


.91 


4 


.79 


8 


.84 


12 


Fei 5. 14 (1) 
Zrn .62 (15) 


4047 






.56 


1 


.14 


2 


Fei .82 (8) II 
Fei .32 (1) 


4048 . . 


.73 


1 


88 


3 


.87 


5-6 


Zrn ,67 (25) 


4050 






.30 


1 


.41 


2-3 


Mm .76 151 
Fei 9. 34(1) 

Zrn .33 (15) 


4051 










.11 


1 


Fei .68 (0 2) 
V i . 04 (pred) 


4051 


99 


1- 


88 


2 


2 34 


3-4 


Fe i 93 (2) 


4053 ....... 


.83 


1 


.82 


4 


.87 


4 


Or n 2. 00 (1) 
Fei 2.31 (1) 

Tin .81 (3) 


4055 






.09 


1] 


.09 


4n 


Fei 4. 19 (0 2) 
Fei 4. 83 (1) 


4055 


90 


] 










Fei 4. 88 (1) V 
Fei .05 (1) V 
Mm .55201 


4056 






13 


lj 


.30 


1 


Tin .20[1] 


4057 


74 


1 


50 


3 


58 


4 


Fn .25 (2) 
Fe i 36 (1) V 


4059 


15 


1: 


.37 


In 


8.77 


3 


Mgi .63 (5r) 
Fei 8.77 (1) IV 


4059 










.94 


2 


Fei .73 (1) V 


4061 


46 


1; 






95 


2 


Fe i 12 (1) 


4062 






.45 


1 


.35 


23 


Fei 1.96 (1) 


4063 










14 


1 


Fei .45 (4) III 

Fe i 30 (2) 


4063 


46 


3 


54 


5 


61 


8 


Fe i 60 (8) II 


4064 






.92 


In 


5,18 


3 


Fei .46 (0 3) 
















Tii 5. 09 15 III 
Fn5.09(6r) 
Fe i 5. 40(1) 
Fe n 5 . 77 (pred) 
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TABLE II Continued 



X 


Vega 


y Gern 


15 U Ma 


Identification 


4066 










.47 
.09 

8.12 
.1'9 
0.19 
.79 

.78 

.62 
.65 
.85 
95 
.61 

.75 
.39 

.37 
.25 

.20 
.36 

5.09 
.79 


1 
5-6 

2 

2 
2 
2 

5-6 

1 
3-4 
3 
2 
2-3 

11 
3 

2 
2 

2 
3-4 

4 
4n 


Co i .38 151 
Fei .60 (1) 

Fei 6, 98 (4) III 
Nin .04 (3) 
Fei .28(3) III 

Fei 7. 99 (5) III 
Fei .07 (O 2) 
Fei 0.28 (1) 

Fei .78(2) III 
Cm .99 (2) 

Fei .53 (O 2) 
Fei .75(7) II 

Fei .52 (1) 
Fei ,774n IV 
Fei .79 (3) IV 
Fei .94 (1) 

Fei .50 (1) 
Fei .64 (5) IV 
Fei .81 (1) 
Cm .87 (pred) 

Cm .58 (pred) 
Srn .71 400r 

Mm .25121 
Fei .25 (2) IV 
Mm ,43101 
Fei .85 (2) IV 

Fei .23 (2) IV) 

Fei 0.88 (1) . 
Fei .26(0 1) 

Fei .12(1) 
Fei .44 [O 5] 

Fei .55 (1) 
Mm .64 121 
Fei .78(1) 

Fei 5. 01 (2) IV 
Fei 5. 31 (3) IV 

Co i .31 15 II 
La ii .72(350) 
Fei 7. 10(1) 
Fen 7.27 (*) 


4067 


.07 


1 


.00 
.95 


4 
1 


4067 


4069 






4069 


.91 


1: 






4070 


.72 

.72 


1 
4 


4071 


.72 


3 


4072 


4073 










4074 










4075 










4076 






.68 
.66 


2 

4 


4077 


.59 


3 


4079 


4080 










4081. .. 










4082 










4083 










4084 






.96 


2 


4086. . s . . 
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A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE II Continued 



A 


Ve 


a 


7 G 


em 


15 I 


Ma 


Identification 


4088 










.80 


3 


Fei .57 (1) 


4090 










.48 


3 


Fe ii . 73 (pred) 
Cr a . 85 (pred) 
Fei 9. 22 (1) 

Fei .09 (1) 


4092 










.37 


3 


Zrn .52 (10) 
Fei .98 (1) 

Fei .29 (1) 


4093 










46 


2 


Co i .40251 
Fei .52 (1) 


4094 










.44 


2 


O i? . 42 (2N-2) 


4095 










.94 


3-4 


Fe .98 (3) IV 


4098 










.29 


3 


Fe 6.12(1) 
Fe 6.22(3) 

Cr 7.65 (20n) III 


4100 










58 


3: 


Cr 7.96 (20n) III 
Cri .18 (20n) 111 
Fe i . 19 (3) II 
Cm .48 (1) 
Cai .55 15 III 

Fei .17 (O 2) 


4101 


94 


50 


.74 


50 


.81 


30 


Fei .74 (2) II A 

7/6 .74 (7) 


4103 










07 


3 


Si i 2.95 (5) 


4104 






.42 


2 


3.98 


3: 


Fe i . 14 (2) V 


4105 










.50 


1 


V i . 17 60 I 


4106 . . . 










.29 


1 


Fei .27 (1) 


4107 . 










.41 


3-4 


Fei .44 (1) 
Fe i . 50 (5) III 


4109 


41 


1: 


60 


1 


42 


4 


Fei .07 (1) 


4110 


63 


1- 


94 


1 


1 11 


3-4 


Vi .7850 I 
Fei .81 (4) IV 

Cri .87 (20n) III 


4112 










.81 


3 


Cm 1.04 (2) 
Cm 1.36 (20n) III 
Cm 1.67(20n) III 

Fei .35 (1) 
















Til .722011 
Fei .98 (2) V 
Cm 3. 29 (1) 
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TABLE II Continued 



X 


Vega 


y C5em 


15 U Ma 


Identification 


4113 


.97 


1 












4114 






.71 

.59 
.51; 

.94 


3 

1 

6-7 

2 


Fei .45 (4) IV 
Fei .96 (1) 
V i 5. 18 60 I 

Vi .48501 

Fei .56 (6) IV 
Co i .78 50 1 1 
Fei .90 (1) 


4116 










4118 


.45 


1 


.47 

.49 
.21 


3 

2 1 
if 


4119 


4120 






Fei .21 (2) IV 

Co i .336011 
Fei .81 (2) IV 

Fei .52 (2) IV 

Fen .67 f*) 

La u .23 (400) 
Fei .74 (1) 
Fei .76 (1) 

Y ii 4. 91 (15) 

Fei .63 (1) 
Fei .89 (1) 
Fei 6. 19 (2) IV 

Fei .61 (4) V 
Fei .81 (2) V 
Stn8.05 (8) 
Vi 8.08601 

Cri .3720n III 

Sin .88 (10) 

Vi .02601 
Fei .06 (7) II 
Mnn .28 (1) 
Cru .45 (1) 
(i)? .54(3-3) 

Fei 2. 91 (3) III 

Fei 3. 87 (2) 
Fei .34 (1) 
Fei .43 (1) 

Vi .5060 I 
Fei .68 (5) 


4121 






.48 
.72 
.56 

4.80 
.92 

.69 

.37 
.70 
.26 

.17 
.24 

.73 

.82 


3n 
3 4 
34 

2 

3n 

5-6 

2-3 
3-4 

6 7 

1 
2 

4 
2 


4122 
4123 


.64 


1 


.59 


3 


4125 
4125 


.05 


1 


4.64 
.53 

.97 


1 
2n 

8 


4127 


.92 


3 


4129 


4130 


.84 
.38 


3 
1 


.77 
1.96 


7 
3 


4132. . . 


4133 . . 


4134 










4134 . 


.84 


1 


.52 


1 


4135 
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TABLE llContinued 



A 


V< 





>c 


Jem 


151 


J Ma 


Identification 


4137 . . 


07 


1 


6.87 


1 


.25 


5-6n 


Fei 6. 53 (1) 


4138 


53 


1: 


.59 


2 


.28 


2 


Mnn6,91 (2) 
Fei .00(3) IV 

Fei 7.98 


4138 










.87 


1 


Fen .37(*) 


4140 










.03 


3 


Fei 9. 93 (1) II A 


4141 


10 


1 






.08 


1 


Fei .40 (1) 


4142 










.18 


3 


Fei 1.86 (1) 


4143 


.42 


2 


.61 


4 


.66 


8 


Fei .63 1 
Fei .42 (5) III 


4144 










,99 


2 


Fei .87 (7) I 


4145 


.83 


1 


66 


2 


.97 


3-4 


Cm .81 (3) 


4147 






.42 


1 


.47 


4 


Fe i 6. 07 (2) 
Fei .67 (4) III 


4148. 


90 


1 


9.04 


2 


9.22 


3-4 


Zrii 9.21 (75) 


4150 










.15 


3 


Fei 9. 37 (2) V 
Fei 9. 77 (Q 2^ 


4151 


20 


1 






84 


2 


Fei .28 (2) 
Zm 0.98 (10) 


4152 






12 


1 


.06 


5-6 


La ii 1 . 95 (250) 


4154 


11 


1 


.26 


4n 


.72 


8 


Fei 1.96(1) 
Fei .18(2) II A 

Fei 3. 92 (4) IV 


4155 










.94 


1 


Fei .50(4) III 
Fei .82 4 IV 


4156 






.44 


1 


.41 


6 


Zr ii . 24 (15) 


4157. .. . 










77 


3 


O (i)? .31 (2-2) 
Fei .46(1) 
Fei ,67(1) 
Fei. 81 (4) III 

Fe i 79 (3) IV 


4158 






.83 


1 


.99 


5 


Fei .80 (2) V 


4160 










.39 


2 


Fei .56 (1) 
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TABLE II Continued 



X 


Vega 


y Gem 


15 U Ma 


Identification 


4161 


.31 


1 


.30 

.58 


3 

5 


.50 

.59 

.48 
.79 
.31 
.99 

.34 

.77 
.97 

.36 

.65 
.57 

.77 
.56 

.12 

.69 

.81 

.02 

.92 
.73 


6n 

4 

3-4 
1 
4 
1 

1 

2-3 
4 

4 

2 
3 
2 
6 

6-7 

1 
6 

1 

4 
2-3 


Fei .08(1) 
Zrn .21 (20) 
Fei .49 (1) 
Tin .52 (1) 
Sm .81 (30). 

Tin .65(40) 
Fei .68(1) 

Fei .42 (1) 


4163 


4165 


.39 


1 


4166 






4167 


.46 


1 


.29 


3 


Mgi .27 lOnlll 

Fei .86 (2) 
Fei .96(1) 

Fei 8. 95 (1) 
Fei .78 (1) 

Fei .91 (2) IV 

Fei .70 (2) 
Fei .90 (2) 
Tin .90 (30) 
to i 2. 13 (3) IV 

Fei .32 (2) IV 
Fen .48 (6) 
Tin .54 (1) 

Fei .92(2) II A 
Fei ,64 (4) III 
Fei .57 (2) IV 

Yn .54 (125) 
Fei. 60 (2) II A 

Fen 8. 87 (6) 
Cm .41 (2) 


4167 


4169. ...... 










4170 










4171 


.97 
.45 


1 
2 


.88 
.50 


3 
5 


4173 I 


4174 


4175 






.55 


2 


4176 






4177 


.49 
.06 


1 
3 


.65 
.02 


3 
5n 


4179. 


4180 


4181 


.76 


1 


.74 


2 


Fei .76(6) III 
Fei 2. 39 (2) IV 

Fei 2. 79 (2) 
Vn .43 (35) 

n 4. 00 (4) 

Tin .33 (0) 
Fei. 90 (4) III 


4183 


4183 










4184 






.42 


2n 
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TABLE I IContinued 



X 


v< 


5|K 


->'t 


Jem 


15 I 


I Ma 


Identification 


4185 










.60 


1 




4186 






.90 


2 


.96 


6-71 


Fei 7.05 (6) III 


4187 


.36 


In 


.80 


3 


.51 


6-7 


Fei .59 (O 2) 


4188 










.89 


4 


Fei .81 (6) III 
O (n)? .74 (4) 


4190 










.06 


3 


Tin .29 [1] 


4190 


88 


1 










*Sz n . 74 (3) 


4191 . . 






44 


2 


.47 


6-7 


Fei .45 (6) III 


4192 










.38 


1 


Fei .68 (2) 
O (i) .57 (2-2) 


4193 .... 


90 


1 






.47 


2-3 




4195. 


28 


1 


62 


2n 


.23 


5-6 


Fei .34 (3) IV 


4196 






.40 


1 


.37 


3-4 


Fei .62 (2) 
Fei .22 (2) IV 


4198 
4199 


.41 


In 


.31 

16 


3 
3 


.43 
12 


9n 
1 


Fei .53 (1) 
La u .55 (250) 

8iu .17 (2) 
Fei .27 (1) 
Fei .31 (6) III 
Fei .65 (2) V 

Fei 10 (6) III 


4200 






.76 


2 


.77 


2 


Fn .28 (5) 
Fei .92 (1) V 


4202 


.02 


1 


.08 


4 


.14- 


6-7 


Fei .03 (7) I 


4203 






90 


1 


4.11 


3 


Vu .35 (35) 
Fei .95 (1) 


4205 






.29 


1 


14 


5-6 


Fei .99 (3) III 
La ii 4. 03 (100) 
V ii 4. 19 (8) 

Y n 4 . 69 (10) 


4206 . . . 


39 


1 






.27 


2 


Vu .09 (30) 
Fei .54 (2) 

Mnii .43 (2) 


4207 . 






33 


1 


18 


4 


Fei .70 (2) I A 
Fe i 13 (2) IV 


4209. 


19 


1: 


8 78 


1 


8 79 


3-4 


OH .34 (pred) 
Fe i 8 61 (2) V 
















Zrn8.98 (30) 
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TABLE II Continued 



X 


v< 


ga 


>c 


Jem 


151 


i Ma 


Identification. 


4210 






.35 


2 


.30 


4 


V ii 9.80 (12) 


4211 . 










.76 


2 


Fei .36 (6) III 

Zrn .88 (12) 


4212 


43 


1 


03 


1) 


.37 


2 




4213 






61 


, 


.69 


2 


Fe i . 42 (2) IV 


4215 


32 


2 


56 


5 


.59 


9 


Fei .65 (2) IV 
Fe i . 42 (2) IV 


4217 






46 


2n 


.49 


5 


Sru .52300r 
Fei .56 (2) IV 


4218 


75 


1 












4219 






.42 


2n 


.35 


4 


Fei .36 (5) IV 


4220 










.23 


3-4 


Fei .35 (2) IV 


4222 


.24 


1: 


.26 


1 


.39 


5-6 


Fei .23 (5) III 


4224 
4225 


.40 


1 


.84 


2n 


.23 
.30 


4 
56 


Fei .17 (3) IV 
Fei .51 (2) IV 

Cm .85 (2) 

FIT .21 (20) 


4226 


.54 


3 


.75 


4 


.68 


5-6 


Fei .46 (4) IV 
Fei .43 (2) IV 


4227 






.43 


2 


.42 


5-6 


Co i .735001 
Fei .45 (7) III 


4229 


96 


1 






.57 


2 


Fei .52 (1) 


4231 .... 










.33 


2 


Fei .75 (1) III 
Cr u . 82 (prett) 

Nil .055V 


4233 


.17 


5 


.22 


8 


.26 


8 


Fe u . 16 (8) 


4235 


98 


1 


.96 


3 


.78 


6-7 


Crn .25 (1) 
Fei .61 (6) III 

Y u . 73 (20) 


4237 


96 


1 


8.83 


2 


8.51 


5-6 


Fei .95(8) III 
Fei 8. 04 (1) IV 


4239 ...... 










.90 


5-6 


La u 8. 38 (400) 
Fei 8. 83 (4) IV 

Mm .73511 


4242. .... .. 


.25 


1 


.40 


4 


.47 


5-6 


Fei .85 (2) III 
Crn .35 (5) 
















Mnn .37 (2) 
Fei .59(1) 
Fei .73 (2) 
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TABLE Il~-C<mtinwd 



X 


Vega 


y Gem 


15 IT Ma 


Identification 


4243 










.60 

5.27 
7.19 
.39 


2 

3 

3-4n 
6-7n 


Fei .37 (2) 
(i)? .45 (3) 
Fei .79 (1) 

Ni ii .80 (1) 
Fei 5. 26 (2) III 

Sen .83 (100) 
Fei .7 .44 (5) III 

Fe i . 13 (7) III 
Fei .79 (8) II 

Cm .66 (1) 
Cri 4.34 500 II 
Fei .85 (1) 
Fei .21 (2) 
Mm .66511 

Zm8.05 (12) 
Fen 8. 14 (*) 
Fei 8. 39 (1) I A 
Fei 8. 61 (1) 

Fei 9. 99 (2) 
Fe i . 14 (2) 
Fei .49 (10) III 

Cm 1.91 (2) 


4244 






.94 

.86 

.11 
.81 

.67 
4.39 


2n 
4 

2 
2 

1 
3 


4246 


.85 
.51 


3 
2 


4250 . . 


4250 


4252 






.53 
4.33 

.58 
,32 
.43 

8.18 

.28 

1.84 
.54 
.31 

.08 
.72 
.19 

.50 


3-4 
6 
2 
4 
1 
5-6 

7 

3 
2 

1 

2 
1 
3 

8n 


4253 


.94 


In 


4255 


4256 










4257 . . 










4257 


.97 

.43 
.13 


1 

1 
1 


8.21 

.47 
1.92 


3 

4 
4 


4260 . . . 


4262 


4263 


4264 










Cr ii . 18 (pred) 
Fei .21 (2) 
Fei .74 (02) 

Fei 6. 97 (2) IV 
Fei .83 (2) IV 

Fei 8. 75 (2) IV 
Cm .30 (1) 

Fei .17 (7) III 
Fei .76(8) II 


4267 










4267 










4269 


,14 
.70 


1 
3 


.29 

.17 
.79 

.46 
.32 

4.80 

.58 


2 

2 
4 

1 
2 

2n 
2 


4271 


4271 


4272 










4273 






.21 
.01 


4 
5-6n 


Fen .31 (1) 

Cr i 4. 80 400 II 
Cm .56 (1) 

Fei 6. 67(1) 


4275. 


.23 


1 


1275 


4277 






.01 


2 
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TABLE II Continued, 



\ 


Vega 


V Gem 


Jo r Ma 


Identification 


4278 


.75 


1: 


.12 


1 


.13 

.53 
.72 

.49 
4.36 

.62 

.38 

8.00 
.07 

.18 

.19 
4.18 

.47 
.37 
.71 


2 

1 
2-3 

6 

3-4 

3 

2 

4 
10 
2 

1 
6 

2 

6-7 
2 


Fen .13 (1) 
Fei .23 (1) 

Fei .48 (1) 

On 1.08 (pred) 
Mm 1.10 6 II 

Zrn .20 (6) 
Fci .41 (6) 111 

Fei .90 (0 2N) 
On 4. 24 (2) 

Fei .45 (2) IV 

Til .01 25 II 

Fei .44 (1) 
Zru .51 (5) 
Fei .68 (1) 

>'( 

Fei .15 (2) 
Tin .89 (2) 

O i 9.73 (350)11 
Ti ii . 22 (50) 

Fe i . 12 (pred) 
Mnu .28 (2) 
Fei .29 (1) 


4279 . . 


4280 . . 










4282 






.48 
4.17 
.45 


2 
3 
1 


4283 
4285 


.99 


l:n 


4286 






4287 


.64 
.34 
.14 


1 
3 
1 


.87 
.23 


3 

6 


4290 


4292 


4293 






4293 


.78 


3 


4.12 


6 


TV H 4. 10 (40) 
Fe 14.13 (6) II 

Oi .76 (15) III 
Fen .56 (6) 
Fci 8. 04 (2) IV 
Fei .25 (7) III 
Ti ii 0.05 (60) 
Til 1.09 50 II 

Tin 1.93 (15) 
Fe i . 19 (2) 

Cai .53601 

Fe ii . 18 (4) 

Fei .46 (2) IV 
Srii .46 (40) 
8cn .71 (6) 
Ti i .91 60 1 1 


4295 


4296 
4297 


.52 


2 


.59 


4 


4299 . . 






.17 
0.04 
.90 
1.93 

.56 

.18 
.60 


2 

6 
1 
3 

1 
5 
In 


4299 


.98 


4 


.73 

1.18 
.21 


9n 
1 

5 ') 

f 


4300 


4302 


.07 


1 


4302 


4303 . 


.16 
.09 


1 
1 


.18 

.47 


5-6J 
5-6 


4305 
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TABLE llCont.inued 



\ 


Vogu 


7 Gem 


15 t* Ma 


Identification 


4306 










.62 

7.85 

9.51 

.25 

.79 


1 
6 

6-7 

2 
5-6 




4308 
4310 
4311 


.05 
.26 


5 

1: 


7.88 


8 


Ca i 7. 74 45 I 
W ii 7. 86 (40) 
Fei 7.91 (8R) 11 

Fei 9. 04 (2) 
Fei 9. 38 (2) IV 
Y ii 9. 62 (50) 

Fe I 0.78(1) 
Fei .45 (0 2) 

Tin .87 (35) 
Sen .09 (30) 

Til .80 25 II 
Tiu .98 (40) 
Fe i5.09 (5) III 






4312 
4314. . . 


.94 


1 


.88 
.14 
5.02 

.90 

.80 


4 
3 
5 

1 
In 


4314 


.64 


1 


.87 


7 


4315 


4316 






.52 

.45 
.90 

.84 

.52 
.13 

.69 


3 

2-3 
3 
56 

2 
2 

8 


Tin .81 (1) 
Zru 7.32 (12) 


4317. . .. 


.93 


1 


4318 






Cai .654511 

Sen ,73 (20) 
Tin. 97(1) 

La n .51 (100) 


4320 


.69 


2 


.84 


4 


4322 


4323 










4325 . . . 


.66 


3 


.00 
.74 


2n 
5 


.Sen .00 (20) 
Fe \ . 77 (9) II 

Fe I . 10 (2) V 


4325 


4327 . 






.38 
.73 
.53 

.66 

.74 

.40 
.47 


3 
2 
4 

1 
3-4 

2-3 
6-7 


4328 










4330 


.44 


1: 


.56 


1 


Tin .26(0) 
Tin .71 (0) 


4332 


4333 






.34 


3 


Zrn .27 (15) 
La ii .77 (500) 


4335 






4337 






.92 


3 


Fei .05(5)11 
Tin .32{1] 
Cn .57 (30)1 
Tin .92(50) 
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TABLE 11 Continued 



X 


Vega 


7 Gem 


15 U Ma 


Identification 


4340 


.46 


50 


.45 
.63 


50 
3 


.4.7 

.59 
.89 
.31 


30 
3: 
23 
5 


Hy .47 (8) 

rin .37 (i) 


4341 


4342 






4344 . . 


.32 

.72 

.98 
.83 
.30 
.44 
.64 

.69 
.56 


1 

1: 
1: 
1: 
1: 
1: 
4 

1: 
l:n 


.30 


2 


Tin .29 (2) 
Cn .51 (40) I 


4345 


4346 
4347 






.55 

8 12 


3 
2 
1 


Fei .56 (2) 
Fei .85 (1) 
Fei 8. 95 (0 2) 
Tin .86(1) 

Cn .06(20) I 
Fen .77T6) 
Cn .77 (60) I 
Mgi .94301V 

Fei .74 (4) II1B 

Sen .60 (5) 
Ca i 5. 10 25 III 






4349 
4350 






.29 


.86 

.84 


1 
10 


4351 


.82 


8n 


4352 


4354 






.74 


2n 


4356 


.82 
.52 


1 
1 


4357 


.44 
.44 

.08 


1 
1: 

1 








4358 


.67 


4n 


Fei .51 (2) IV 
Fn .73 (30) 

Zr II 9. 74 (10) 


4360 






4361 . 


.29 
.20 


1 
1 


.87 
.76 
.49 
.12 
.61 


3 
3 
3 
1 
6 


4362. ...... 






Nin .10 (1) 


4364 






4366 










Fei 5. 90 (1) 

Fe i .58 (2) IV 
Tin .66 (15) 
Fei .91 (1) III A 

Oi .30 (10) 

Fen .40 (*) 
Fei .78 (3) III 

Zr ii 0,95 (8) 
Cn .28 (20) I 


4367. 


.09 


1: 


.76 

.37 
.50 

.30 


3n 

1 
2n 

1 


4368 


4369 


.56 
.64 


1 
1 


.64 

.27 


5 
3 


4371 
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TABLE II Continued 



\ 


V* 


*Kft 


7< 


iem 


ir i 


* Mn 


Identification 


4372 . 


.86 


1 






.94 


2 


rVi3.27 (8) I 


4374 






43 


3 






Sc ii 46 (30) 


4374 


81 


1: 


.93 


3 


.83 


6-7 


Fei .50 (1) 

Tin .83 (1) 


4375 






.97 


1 


.97 


2 


Fn .94(300) 
Fei .93 (5) I, II 


4377 


.91 


1: 






.84 


2 




4379 


.35 


1 


.57 


1 


.65 


2n 


Vi .24 150 II 


4380 . 


.38 


1 










Zr ii . 77 (9) 
Mgi .39 (5) 


4381 


.54 


1 






0.97 


1 




4382 






44 


1 


.24 


2 




4383 
4384 


.54 

82 


2 
1: 


.60 
50 


5 
2n 


.46 


7 


Fei .55 (10) II 

Mg ii . 64 (8) 


4385 


48 


1 


44 


4 


.26 


5-6 


Fi .73 125 II 

Sen .80 (5) 
Cri .98 (20) I 

Feu .39 (5) 


4386 






11 


1 








4386 


.91 


1 


.89 


2 


.65 


2 


Tin .86 (10) 


4388 


.26 


1 


.45 


1 


.31 


5-6 


Fei 7. 90 (2) IV 


4390 


53 


In 


66 


3 


1 04 


6n 


Fei .42 (2) IV 
Fi9.99 100 II 


4392 


.94 


1: 










Mgn -59 (10) 
Fei .96 (3) IV 
Tin .98 (tr) 
Fei 1.46 (1) 


4393 


90 


1 


4 09 


2 


.86 


2 


Ti ii 4 . 06 (2) 


4395 


.05 


2 


.06 


5 


.04 


8 


Tin .04 (60) 


4395 


99 


1 


92 


2 






Fi .248011 
Fei .29 (2) 
Fei .51 (1) 

Tin .85 (2) 


4396 


.97 


1: 






.49 


1 




4398 






.21 


In 


7.84 


5 


Fn .02 (50) 
















Tin .32(1] 
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TABLE llCottiinued 



X 


v 


*ga 


7C 


tern 


15 I 


T Ma 


Identification 


4399 


67 


1 


80 


3 


.77 


4 


Ti n . 77 (35) 


4400 


45 


1: 


46 


2 






Sc n . 38 (20) 


4400 


88 


1 


1 38 


2 


1.34 


6-7 


Tin .63 (pred) 
Fei 1.30 (3) 


4403 


17 


1 






19 


3 


Fei 1.45 (2) 
Nil 1.55 30 III" 


4404 


75 


1-2 


75 


4 


.75 


6-7 


Fei .75 (8) II 


4406 










.58 


1 


Vi .65801 


4407 






72 


1 






Tin .67 (1) 


4408 


06 


1 


42 


1 


41 


6n 


Vi .21 70 I 


4409 


.11 


1 


42 


1 






Fei .42 (4.) Ill 

Vi .51 901 

-w 

Ti ii . 25 (t r) 


4410 


.05 


1 






0.63 


4 


Tin .54 (tr) 
Fe i . 72 (2) 


4411 


11 


1 


11 


2 






Tin .08 (15) 


4412 


24 


1 


1 98 


1 


1 69 


3 


Tin 1.95 (1) 


4413 


.57 


In 


59 


1 


.22 


2 


[a Per .64 (4ri)J 


4415 


11 


In? 


21 


3n 


4 96 


6-7 


Fe i . 13 (8) II 


4416 


01 


1 










SVn .56 (20) 


4416.. . 


78 


1-2 


80 


4 


7 11 


5-6 


Fen .81 (4) 


4417 


78 


1 


74 


4 


8 03 


5-6 


Ti n 72 (40) 


4418 


.68 


1 


42 


1 






Tin .34 (1) 


4419 


.59 


1 










Mn ii . 78 (2) 


4420 


67 


1 -n 






53 


2 




4422 


22 


Tn 


1 88 


2 


52 


6 


Tf ii 1 95 (1) 


4422 


.98 


1-n 


60 


1 






Fei ,57 (4) III 
Y n . 59 (40) 


4423 


90 


1- 










FP i 86 (2r) 


4425. .. 






39 


1 


.17 


3 


Ca i 43 50 I 


4427 






.47 


In 


.40 


5-6 


Fei .66(1) 
Fei .31 (5) I 
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TABLE II Continued 



X 


Vea 


7 Gem 


151) Ma 


Identification 


4428 






.02 


1 


.24 

.33 

.28 

.65 


1 

2 

5-6 

2n 


Tin 7.89 (pred) 
Mgn .00 (7) 


4429 






4430 


.47 


1 






La ii 9. 90 (400) 
Fei .20 (2) IV 
Fei .62 (4) III 

Tin .08 (tr) 
Fe 13.22 (2) IV 

Mgn .99 (8) 

Co i 4. 95 60 I 
Fei .15 (2) II A 
Car .67401 

Mgn .48 (5) 
Fei .93 (2) 


4432 






4433 






.93 

.08 

.81 


2 
1 

In 


4435 


.22 
.35 


1 
l:n 


.36 


2n 


4436 


4437 


.44 
.19 
.55 


1 
2 
2 


4438 












4439 . . . 


.22 
.19 


1 
1 






Fei .89 (2) IV 
Zrn .46 (10) 
Ti ii . 73 (pred) 
Fei .35 (5) III 
Zrn 2.99 (25) 

Fei .20 (3) III 
Tin .80 (50) 

Tin .56 (1) 
Fei .85 (2) 

Fe i . 14 (2) IV 
Fei .73 (5) III 


4440 . . 






4441 


.68 
.30 
.03 

.84 

.66, 


1 
1 
1 
6 

1 


.53 
.50 


1 
1 


4442 


.05 
.00 

.78 

.83 
.37 
.85 

.23 
.55 


1: 
1: 
2 

1: 
l:n 
1 

1: 
1 


4443 


4443 


.53 


8n 


4444 .... 


4446. . 


.69 
.44 

.44 
.45 

.64 


3 
5 

1 
4 

2n 


4447 


.70 

.65 
.52 

.54 


1 

2 
3 

2 


4449 . 


4450 


Fei .32(2) 
Tin .49 (10) 


4451 . . . 


4452 


.38 
.27 


1 
1 




4453 . . 






.34 


1 


Fei .84 (0-2) 
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TA BLK I IContin tied 



X 


v 


RH 


y C 


em 


15 I. 


Ma 


Identification 


4454 . ... 


82 


l:n 


.84 


3 


.73 


6-7 


Fei .39 (3) III 


4456 


86 


1 






.40 


2-3 


Fei .67 (1) 
Ca i . 77 80 I 
Zrn .80 (10) 
f>i5.04 (2) 

Cai .61 10 II 


4458 


15 


1 






7. '47 


2 


Tin .64 (tr) 
Zrn 7.42 (8) 


4459 






.19 


2 


8.87 


5-6 


Til 7.43 40 1 1 

Mm 7.558 ? 
Mm .26 12 II 

Nil .0520 III 


4461 


29 


1 










Fei .13 (5) III 
Zr ii .23 (10) 


4461 






74 


2n 


.65 


7 


Fei .21 (2) 


4464 . . . 


43 


1 


54 


2 


.48 


5 


Fei .66 (4) I 
Fei 2.01 (3) IV 

Tin .46 (1) 


4466 
4467 


.69 
64 


1 
1- 


.52 
56 


2 
1 


.60 


5 


Mm .688 II 
Fei .77 (2) IV 

Fei .56 (5) II 
Fei .94 (2) 


4468 


.50 


2 


5.3 


5 


.61 


5-6 


Tin .49 (50) 


4469 . 


69 


In 


40 


2 


89 


1 


Tin 9.15 (tr) 
Fe i 39 (4) IV 


4470 


77 


1 


80 


1 


.92 


3-4 


Nil .49 15 III 


4471 


57 


1 


63 


1 






Tin .86 (tr) 
He i 48 (6) 


4472 
4474 ...!... 


.70 
.50 


1 
1 


.97 


2 


.85 
.37 


3-4 
1 


He i .69 (1) 

A? i .71 (2) 
F.eii .91 (prcd) 


4475 


82 


1-n 


6 03 


2 


97 


5 


Fei 6 02 (7) III 


4477 


.24 


In 












4478 


74 


In? 


68 


1 






Mnn .74 (1) 


4480 ....... 


.05 


1 






9.34 


2 




4481 


26 


9 


.24 


15 


25 


9 


Ma ii [ o'o il (100) 
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TABLE UCmtiinwd 



X 


Ve 




7C 


loni 


15 1 


T Ma 


Identification 


4482 


.39 


1: 


.35 


1 


.05 


2 


Fe i . 18 (3) I 


4483 


.41 


1 










Fei .26 (4) 


4484 . 


53 


1 : 






.24 


3-4 


Fe i 24 (3) IV 


4485 










.68 


2 


Fe i . 67 (2) 


4486 










70 


1 




4488 


29 


1 


28 


2 


20 


1 


Fe i . 13 (2) 


4489 


20 


1 


25 


3 


04 


5 


Tin .32 (15) 
Fe i 8 92 '(2) IV 


4490 


.16 


1 : 










Feu .21 (4) 
Fei .74 (3) I A 

Mm .08 5 III 


4491 . ... 


.39 


1 


36 


4 


39 


5 


Fei .09 (2) IV 
Fe 11 41 (4) 


4493 


.27 


1 


42 


1 


83 


2 


Tin .54 [11 


4494 . . . 


58 


1 


46 


1 


35 


5-6 


Zrn .41 (8) 


4496 


. 03 


1 


38 


1 


59 


5 


Fei .57 (5) III 


4496 . ... 


95 


1: 










Cr i 86 25R I 


4498 


.12 


1: 






.99 


3 


Zrn .96 (15) 


4499 


84 


1 












4500 


56 


1: 






39* 


2 




4501 .... 


.28 


2 


30 


6 


30 


6 


Ti ii .27 (40) 


4502 . . 










97 


1 




4504 


.89 


1 










Cr ii . 54 (pred) 


4506 


.61 


1: 






.07 


2 


Ti ii . 74 (pred) 


4508 


29 


2 


32 


4 


33 


6 


Fe ii 29 (8) 


4511 










67 


2 




4512... . 


58 


In 










Ti i . 73 40 II 


4513 










.94 


1 


Fei 4. 19 (2) 


4515 


.38 


1-2 


34 


4 


28 


5 


Feu .34 (6) 


4516 


90 


1: 


7 18 


1 
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'FABLE II Continued 



X 


v 


lisa 


Tt 


tern 


15 I 


Ma 


Identification 


4518 






35 


1 


7 93 


2 


Fe i 7 53 (2) 


4520 


.32 


2 


.24 


4 


.15 


5-6 


Til .0350 II 
Fc n . 24 (6) 


4521 






06 


1 








4521 


50 


1 


72 


1 








4522 


.79 


2 


61 


3 


81 


7 


Fe IT . 64 (6) 


4524 


.70 


1: 


.89 


2 


5 07 


4 


7V i .8040 II 
Tin .74 [1?] 


4526 






.45 


1 


01 


2 


Fei5.15 (3) IV 
Ti ii 5. 25 (pred) 

La ii .12 (200) III 


4528 


.75 


1: 


.56 


3 


.83 


56 


Cri .46 (15) II 
/<Vi .62 (7) II 


4529 






.56 


2 






I,- 
Tin .51 (1) 


4531 


83 


1: 


29 


In 


42 


5 


Fe i 16 (5) II 


4533 






.03 


1 


20 


2 


Fei .64 (2) 
TV i 25 80 II 


4534 


10 


2 


.02 


6 


04 


6-7 


Ti ii 3. 97 (30) 


4535 


.40 


1: 










Fe ii . 18 (*) 
Mgii .26 (4) 

Til .575011 


4536 . . . 










22 


2 


Til 5.9240 II 


4536 


90 


1: 










Til .054011 


4537 






98 


In 








4539 


55 


1 


58 


1 


32 


2 




4541 


.43 


1 


.45 


3 


.55 


5 


Fen .33 (1) 


4542 


82 


1 










Feu .53 (*) 


4544 


11 


1 






98 


2n 


Tin .03 (tr) 


4545 


12 


1 










Cm .69 (pred) 
Til 4.7030 II 


4546. 


96 


1- 


63 


1 


7.37 


2 


FIJI -.09 (0-2) 
Ti ii . 16 (tr) 

Nil .945 III 
















Fei 7.03 (2) 
Fci7.85(3)V 
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TABLE II Continued 



\ 


v< 


K8 


yC 


.em 


15 t 


T Ma 


Identification 


4549 


50 


5 


.55 


10 


.59 


9 


Fen .48 (4) 


4552 






.24 


1 


1.82 


2 


Tin .62 (60) 
Tin .25 (pred) 


4554 






.09 


2 


.13 


6 


Til .463511 
Zrn 3.96 (12) 


4554 


85 


1- 


98 


2 






Ban .04 1000R 
Cr ii 5 00 (2) 


4555 . 


73 


1 


.90 


3 


.86 


6 


T/i .4930 II 


4557 


21 


] 










Feu .90 (6) 
Fc i 6.13 (3) V 


4558 


67 


2 


.63 


3 


.57 


6 


Cm .66 (20) 


4560 


20 


1- 










Fei .11 (2) 


4561 










.72 


1 




4562 


60 


J 












4563 
4564 


.77 


1-2 


.76 
74 


4 
1 


.80 


4 


Tin .76 (30) 
I 7 ii .59 (10) 


4565 . 


.57 


1: 


.70 


1 


.81 


3-4 


Fci .32 (2) 


4568 


.18 


1: 






.74 


2 


Fei .68 (2) 
Cm .78 (2) 

Tin .31 [1] 


4570 . . 


03 


1: 












4571 
4573 . 


.97 
.20 


2 
1 


.98 


4 


2.02 


7 


'Tin .97 (50) 


4574 


24 


1: 


3 94 


1 


44 


2 


Fe i . 73 (2) 


4576 


.10 


1 


.34 


2 


.39 


4 


Feu .31 (4) 


4579 


55 


In 


85 


In 


12 


3n 


Fei .34 (1) 


4581 






.47 


1 






CriO.06 (20) I 
La ii 0.08 (150) 
Tin 0.47 [1] 

Cai .414011 


4582 . . . 


.79 


1 


.82 


1 






Fei .53 (2) 
Fen .83 (*) 


4583 


.90 


2 


.82 


5 


.53 


8n 


Tin .45(1] 
Fen .84 (8) 
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TABLE llCantinued 



\ 


Ve 


ga 


7 G 


em 


i5 i 


Ma 


Identification 


4585 


.80 


1 


.88 


1 


6.41 


2 


Cai .875011 


4588 


.20 


1 


.23 


3 


7.94 


3 


Cm .21 (20) 


4589 
4591 

4593 


.93 
.92 

79 


1 
1 

1 


.98 
2.13 


2 
2 


.81 
2.21 


2 

6-7 


Cm .94 (1) 
Tin .96 (2) 

Cm 2. 06 (2) 
Nil 2.53 10 III 
Fei 2.66 (4) IB 


4595 






92 


1 


.67 


4 


Fei .37 (2) 


4598 .... 










.05 


2 


Fen .69 (*) 
Fei 6.06 (2) 

Fe i . 14 (2) 


4598 . 


98 


1 












4600 










.33 


56 


Fei 9. 90 (2) 


4602 






.83 


1 


.58 


2 


V u . 17 (8) 
jVii .366V 

Fei .01 (2) 


4605 






.21 


1 


4.91 


4 


Fei .95 (4) IB 
A r ?;i4.99 12 III 


4607 . . 










64 


2 


Fei .25 (2) 
iSVi .34 600 I 


4609 










07 


1 


Fei .66 (4) V 
Ti ii .26 (pred) 


4611 . 


.19 


1: 


96 


1 


28 


3 


Fei .29 (4) III 


4613 










.28 


3 


Fei .22 (3) V 


4616 


66 


1 


.39 


2 


.17 


3-4 


La u .40 (200) 
Cr 1.14 (25) I 


4618 


82 


1 


84 


3 


86 


6 


Cm .67 (3) 
Fe i 76 (2) 


4620 


.57 


1 


48 


2 


41 


3 


Cm .82 (10) 
Fei 9. 30 (4) IV 

Fe n 52 (*) 


4622 










.37 


2 




4624 










74 


2-3 


Cr ii 57 (2) 


4626 


.00 


1: 


5 78- 


1 


5.96 


2 


Fei 5. 06 (4) IV 
Cr i . 19 (20) I 
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TABLE llCantinued 



X 


v 


^ 


-rt 


Jem 


15 r 


T Ma 


Identification 


4629 


39 


2 


36 


4 


35 


8 


Fe ii 33 (4) 


4631 


36 


1: 


.47 


1 






Ti\ .34 15 III 


4632 


63 


1 










Fe i 92 (3) III ? 


4634 


.07 


I 


.11 


3 






Cr n 09 (10) 


4635 


68 


1 


40 


2 






Fe 11 35 [1] 


4637 


.61 


1: 










Fei .51 (4) IV 


4638 


21 


1: 


08 


1 






Fei 02 (4) IV 


4639 


.65 


1 










Til .37 18 III 


4640 


.79 


1 


,84 


1 






Til .67 15 III 
Tii .94 15 III 


4646 . 


.22 


In 










Cr i . 17 40 I 


4648 






.86 


In 






Fen .32 (*) 


4651 


70 


1: 










Nil .66 15 III 

Cr i . 30 (20) I 


4653 


.30 


1 










Cri2.l7 (30) I 


4654 


50 


1 


16 


1 






Fei .50 (4) II ? 


4655 


32 


1 










Fei .64 (3) V 


4656 


.98 


1: 


7.07 


3 






Fen 7.01 (*) 


4660 


57 


1 






- 




Tin 7. 21 (tr) 


4663 






.04 


1 








4664 


32 


1 


3 83 


1 






Fen 3. 72 (*) 


4666 


.61 


1 


.64 


2 






Fen .75 (*) 


4667 






.17 


2n 






Fei .46V 


4668 


.36 


1 










Fe i . 15 (4) IV 


4670 


10 


1 


34 


2 






8c ii 40 (10) 


4678 . . 






71 


1 






Fei ,86 (5) V 


4686 


.17 


1: 










Nil .21 5 III 


4690 






.40 


2 






Fei .15 (2) 
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TABLE II Continued 



A 


Ve 


*a 


T c 


em 


13 I 


Ma 


Identification 


4691 


.28 


1: 










Fci .42 (4) IV 


4693 






14 


2 








4698 






.70 


1 






On .74 (prod) 


4699 






63 


1 






O (n)? .34 (3-2) 


4701 


.16 


1 












4703 


07 


1 


2 94 


4 






Mgi .00 40 V 



















Table III lists the wave-lengths and identifications for the four "c"-stars rj Leonis (AOp), v Sagit- 
tarii (B8p, F2p), a Cygni (A2p), and c Aurigae (F5p). The wave-lengths for rj Leonis were deter- 
mined from one-prism plates exclusively. The spectrum of the star is transitional between types 
B and A. All of the helium lines are faintly present, while at the same time the strongest lines of 
Fe i are also observed. Most of the wave-lengths in v Sagittarii have been taken from Plaskett's 4 
published measures. His wave-lengths have been extended somewhat toward the violet and have 
been supplemented elsewhere by a few lines due to singly ionized Argon. The Yerkes measures were 
made on plates of the Eastman 40 emulsion and consequently the intensity estimates are probably 
systematically less than for the stars measured on the Process plates. Plaskett's intensities have 
been reduced to a scale uniform with the other stars. The spectrum of v Sagittarii is unique in the 
presence of a number of lines of A II B and in the strength of S n. In addition, the spectrum con- 
tains many peculiarities investigated in detail by Plaskett. 6 The wave-lengths in a Cygni depend on 
one-prism plates to the violet of X 4340 and on three-prism plates to the red of that position. 
Struve's wave-lengths 7 in c Aurigae between X 3998 and X 4340 have been used. To the red of 
X 4340 the measures were made on three-prism Eastman 40 plates; an extension was made to the 
violet on one-prism Eastman 40 plates. The ultra-violet spectrum of a Cygni has been investi- 
gated by Wright arid Miss Applegate. 8 



*Pub*. D.A.O., 4, 115, 1928. 
6 Ap. /., 79, 513, 19M. 
6 ()/>. cit., 4, 1, 1927. 



7 Pub. YtrkesObs., 7, Part II, 1932. 
L.O.B., 10, 100, 1921; ibid., 12, 81, 1920. 
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TABLE III 
WAVE-LENGTHH AND IDENTIFICATIONS IN SUPERGIANTS 



X 


i 


XJO 


i.fr 


J r 


aC 


"yg 


*A 


ur 


Identification 


3913. . . . 


.51 


4 


.45 


3 


.58 


7 


.17 


10 


Tin .46(60) 


3914 


.58 


2 


.58 


2-3 


.59 


3 


.42 


8 


Vn .33 (20) 


3916 


45 


In 






.36 


1 


22 


6 


Zrn 5.94 (25) 




















Vn .42(20) 


3918 .... 


.68 


In 


.38 


2n 


.62 


1-2 


.65 


3 


Fei .32 (2) 




















Fei .42 (2) IV 




















Fei .65 (4) IV 




















Cn .98 (6) 




















Fei 9. 07 (2) IV 


3919 


73 


1 
















3920 .... 


.63 


2 


.57 


4 


.85 


1 


.28 


6 


Fei .26 (6R) I 




















Cn .68 (8) 


3921 . . 


.83 


1 


2 00 


2 






.52 


3 


On .56 (4) 




















O ii .72 (4) 


3923 .... 


.48 


In 


.55 


2 


2.80 


3 


2.99 


7 


Fei 2. 92 (6R) I 




















tfn .43 (6) 


3925 










12 


1: 






Fei 5.65 (2) IV 




















Fei 5. 95 (3) IV 


3926 .... 


.53 


In 


66 


4n 










He i .53 (1) 


3928. . .. 


.19 


1 


.56 


2: 


7.94 


1-2 


7.88 


8 


Fei 7.93 (6R) 1 


3929 


.40 


1 
















3930. . .. 


.30 


3 


.18 


3 


.31 


4 


.42 


7 


Fei .30 (7R)I 




















Fn .67 (15) 


3931 


91 


2n 


94 


23 


2 08 


2 






*Sn .90 (5) 




















Ti ii 2. 01 (2) 




















S n 2. 29 (3) 


3933. . .. 


.65 


12 


.54 


7n 


.61 


15 


.69 


50 


Can .67 (10) 


3934 


.95 


In 
















3935. . . . 


.92 


3 


6.00 


4 


.99 


3 


6.33 


7 


Fei .82 (4) III 




















Hei .91 (1) 




















Zm6.06 (7) 


3936. . . 


.89 


1 
















3937 


.45 


1 
















3938. . . . 


.31 


2 


.60 


5n 


.46 


4r 


.33 


10 


Mgi .43 (3r) 
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TABLE III Continued 



X 


nl 


jCO 


V t 


<r 


aC 


'yn 


t. A 


ur 


Identification 


3939 .... 


03 


1-2 
















3940 . 


45 


In 






79 


1 


66 


3- 


Fei 89 (4) 11? 


3942 . . . 


.45 


1 


.14 


In 


08 


1 


1.79 


2: 




3942 . . . 














75 


3 


Fei .38 (1) 




















Ft i .45 (3) IV 




















fV?i3.35 (1) IV 


3944 


.00 


2 


3.86 


1 


3.99 


12 


.04 


6 


Mn u 3. 86 (1) 




















All .03 (10R) 


3945 .... 


.17 


2 


.32 


2 


.17 


2 


.26 


8 


Fc 14.75 (1) 




















/'V i 4.90 (1) TV 




















Fei .12 (1) IV 


3946 


12 


1 
















3947 .... 


.40 


In 






.28 


1 


.24 


4 


Fei .00 (2) IV 




















Oi .33* (10) 




















Oi .51 (7) 




















Fei .54 (2) IV 




















Oi .61 (4) 


3948 .... 


.80 


1 










.35 


7 


Fei .11 (3) IV 




















Fei .78 (4) IV 


3950 . . . 


.47 


1 






02 


1 


.36 


8 


/<Yi9.96 (4) III 




















Yii .35 (200) 


3952 .... 


.04 


1 


.08 


2 


1.98 


12 


1.94 


9 


FIT 1.59 (5) 




















Vii 1.97 (40) 


3954 . . 


.45 


1: 










.25 


3 




3955 


.65 


1: 

















3950. . .. 


.73 


1: 











.19 


5n 


Fei .46 (4) IV 




















Fei .68 (6) III 


3957 


.82 


1: 
















3958 .... 














.19 


6 


Zrii .23 (50) 


3959 


09 


1 










60 


2 




3960 


.86 


1 
















3961 .... 


.54 


1 


.21 


2 


.55 


2 


.51 


10 


All .54 (10R) 


3963 . 


24 


In 










2.87 


2 


[0 i 2.86 (3)1 


3964 .... 


.60 


2 


.73 


5 


.70 


1-2 


.42 


7 


Fei .52 (2) V 




















A/ei .73 (4) 


3966. . .. 


.25 


In 


.30 


4 


.61 


1: 


.23 


6: 


fVi .07 (5) III 




















Fei .63 (5) IV 
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X 


*] 


>fc(> 


i 


tor 


a( 


;y 


e } 


iur 


Identification 


3967 


37 


1: 
















3968. . .. 
3970. . .. 
3972 


.40 
.15 
35 


10 
20 

i?* 


.48 
.04 


5 
12 


.54 
.13 


20 
25 


.51 
.05 


50 
20 


Can .47 (10) 
//e .08 (6) 


3974 .... 
3975 


.15 
03 


2 
1 


.34 


9n 


.10 
05 


4 
1 


3.97 


lOn 


V ii 3. 64 (15) 
Fen .17 (*) 


3976 


12 


1 
















3976 


91 


1 


79 


1 






.43 


1 


Fei .39 (1) 


3977 


87 


1 






.41 


1 


.72 


3 


Fei .56 (1) 
Fei .62 (2) IV 

V ii .74 (10) 


3978 


98 


1- 














Fei .75 (5) III 


3979 .... 
3980 


.58 
73 


2n 
1 


.54 


4n 


.72 


2n 


.54 


3 


Cm .21 (pred) 
Cr n . 51 (2) 
Fei .64 (Q 3) 
,S Y n .81 (4) 


3981 


51 


1 






47 


1 








3982 






.18 


2n 


13 


1 


10 


12 


Fei 1.78 (3) 


3984 














10 


1 


Tin .00 (tr) 
Yn .59 (150) 

Fei 3. 96 (5) III 


3986 


.06 


1 


5.93 


1 










Mnn6.01 (1) 


3987 










75 


1 


60 


5 


[O ii? .61 (2) ] 


3989 . 


.58 


1 






.14 


1: 


.98 


1 


Sen .06 (1) 


3990 


.96 


l:n 


.98 


1 






1.17 


6 


Vn .80 (4) 
Sn .90 (5) 


3992 














.78 


1 


Zr n 1 . 14 (40) 


3993 


.97 


1: 


57 


2 










Sn .49 (6) 


3995 


09 


1 


12 


2n 










JWTnii .86 (1) 
AT ii .00 (10) 


3997 










25 


1 


16 


5 


V ii . 12 (15) 




















Fei .40 (6) III 



* 3072..'ifl. Measured on two plates, but may be part of wing of //. 
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T A BLE I II - -Cwtiinued 



X 


ul 


>eo 


v f- 


KT 


a( 


'yg 


A 


ur 


Identification 


3998 


97 


1 


92 


1 






9.02 


5 


Nil .74 (5) 


4000 


28 


1: 










. 63 


1 


Zru .97 (30) 
M-w ii .06 (1) 


4001 


11 


1 














Pel .26 (1) 
Fei .4G-(1) V 


4002 .... 
4003 


.33 
52 


3n 
1 


.46 


5n 


.26 


4n 


. 06 

2.85 


5 
4 


Pel 1.67 (3) III 
Vn 2.95 (10) 


4004 






93 


1 










Cru .33 (2) 

#n .87 (2) 


4005 
4006 


.70 
86 


In 
1 : 


.90 


2n 


.73 


2~3n 


.48 


12 


Pel .25 (7) II 
V u .71 (60) 


4007 


91 


1 
















4009 .... 
4010 


.32 

72 


In 
1 


.26 


5n 


.30 


In 


.90 


2 


He i .27 (1) 
Fei .72 (5) III 

Mn n 84 (1) 


4012 
4013 


.49 
96 


3v? 
1 


.59 
79 


4 
1 


.37 
64 


4 
1 


.37 


13 


Tin .37 (4) 
A ii 87 (10) 


4014 


90 


1- 






.22 


1 


.47 


3 


flcn .49 (8) 


4015. . . . 
4016. . . . 


.64 


3 


.49 
.92 


5 
1 


.35 
.92 


2 
1 


.48 

7.18 


2 
1 


Fei .54 (4) III 
Nin .50 (1) 
Pel 7.10 (1) 


4017 


49 


In 














Fei 7. 15 (3) 


4018 










34 


1- 


39 


2 


Fe i 28 (2) 


4020 


.06 


1: 


9 80 


1 










Zru .39 (10) 


4020 


1 30 


1 : 






90 


1 








4021 . . . 










2 10 


1 


96 


2 


Pel .87 (5) III 


4022 


57 


1: 
















4023 . . 


55 


1 






37 


1-2 


.31 


4 


V ii . 38 (50) 


4024 .... 


.41 


2-3 


.78 


In 


.51 


4 


.98 


12 


He i .99 (1) 

Zm .44 (12) 
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TABLE III Continued 



X 


vl 


<eo 


V fr 


>gr 


a ( 


^y 


t A 


ur 


Identification 


4025 










.15 


1 






Tin .13 (2) 


4026 


18 


2-3 


.28 


8 


23 


1 






He i . 19 (5) 


4027 


38 


1: 














He i .36(1) 
Al ii .5 (5) 


4028 .... 
4029 


.38 


1 


.56 


2 


.33 
.42 


3 
1 


.29 

f.84 


10 
2 


Tin .33 (7) 
Sn .74 (7) 

Zr ii . 68 (20) 


4030 


.52 


r 

( 


.42 


1 


.53 


1 


1.71 


3 


On .37 (pred) 
Mm .762001 


4031 


.48 


il 


.47 


2 


.43 


1 


.75 


1 


La ii .70 (300) 
Mm .80 (4) 
Fei .97 (2) V 


4032 
4034 


.90 
39 


1-2 
1 


.96 


5 


3.01 
39 


2-3 
1 


.96 
,44 


3 
2 


8 n .77 (6) 
Mm 3. 07 1501 

Zrn .09 (5) 




















Mm .49 100 I 


4035 .... 
4037 


.55 
04 


In 
1: 


.67 


2n 


.63 
6 89 


1 
1 


.64 

6 86 


3 
2 


W n .09 (4n) 
Fn .62 (40) 

V n 6. 77 (9) 


4038 . . . 


.07 


1 


.02 


2n 


.00 


1 


.12 


1 


Cr ii .04 (2) 


4040 






09 


1 


9.61 


1 


9.71 


1 


Zr ii .24 (4) 


4040 


00 


In 






65 


1: 






FIT .59 (4) 


4041 .... 


.40 


1 


.51 


2 






.20 


1 


Nn .33 (5n) 


4042 


38 


1- 


82 


1 










Mm .3750rl 
A it .91 (8) 


4043 .... 


.94 


In 


4.08 


4-5 


.92 


1-2 


4.08 


2 


Fei .90(2) IV 


4045 .... 
4047 . . 


.75 
.36 


2-3 

1: 


.87 
.05 


1 
1 


.74 


4 


.78 


12 


Zru .62 (15) 
Fei .82 (8R) II 


4048. . .. 
4050 


.72 
56 


1-2 
1-n 


.92 


5 


.81 


3 


.70 
51 


4 
2 


Zru .67 (25) 
Zm .33 (15) 


4051 






05 


2 












4051 .... 


.89 


2 


.96 


2 


.82 


2-3 


.95 


3 


Crn2.00 (1) 
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TABLE 111 Continued 


X 


j Leo 


uSgr 


a Cyg 


t Aur 


Identification 


4053 .... 


.92 


1-2 


.94 


4 


.82 


4 


.84 


13 


Cr ii .45 (pred) 




















Tin .81 (3) 




















On 4. 09 (pred) 


4055 . . . 










.04 


1: 


.24 


1 


Mm .55201 


4056 .... 


.06 


In 


.14 


1 


6.03 


1 


6.25 


2 


Tin .20 [1] 




















FII .25(2) 


4057 .... 


.43 


1 


.34 


2n 


.54 


1 


. 53 


2 


Mgi .63 (5r) 


4058 


49 


1- 


69 


1 












4059 










49 


1 








4060 










55 


1 








4061 


66 


1 


70 


2 


80 


1 








4063 .... 


.60 


2 


.97 


2n 


.63 


3 


.57 


10 


Fei .60 (811) II 




















Cm 4.65 (pred) 


4065 .... 


11 


Id? 






61 


1: 


.20 


1 


V ii .09 (6r) 




















Fei .40 (1) 


4067 .... 


.05 


4 


.02 


8 


.06 


4 


.00 


7 


Fei 6.98 (4) III 





















Nin .04 (3) 




















Fei .28 (3) III 


4068 


62 


1-n 










.25 


2 


Fei 7.99 (5) III 


4070 


.07 


1 


9.94 


1 


9.87 


1: 


.04 


2 


Fei 9. 28 (1) 




















On 9. 64 (4) 




















On 9. 90 (6) 


4070 






96 


1 


1 01 


J 






Crn .99 (2) 


4071 


.61 


1 


.85 


1: 


.71 


2 


.75 


8 


Fei .75 (7R) II 




















A n 2. 01 (9) 


4072 .... 


.64 


1 


.70 


2 






.76 


1 


On .16 (8) 




















Fei .52 (1) 




















Cr n . 63 (pred) 


4073 . . 


89 


1- 










84 


1 


Fei .77 [O 4] IV 


4074 










.61 


1: 






Fei .79 (3) IV 


4075 .... 


.44 


1 


.59 


2n 


.52 


1 


6.00 


2 


.Sin .45 (2) 




















Crn .66 (pred) 




















On .87 (10) 




















Fei .94 (1) 




















Fei 6. 50 (1) 


4076 


.80 


1 






.58 


1 






Fei .64 (5) IV 




















Sin .78 (1) 




















Cm .87 (pred) 
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4077 . . . 
4079 


.89 


1 


.50 


2n 


.64 
.49 


3 
1: 


.70 


12 


Cr IT . 58 (pred) 
Srn .71 400r 


4080 .... 


.08 


1: 


9.86 


1 












4082 .... 


35 


1 


1.90 


2n 


.48 


1: 








4085 . 






69 


1 


6.10 


1 


72 


2 


Fei .31 (3) IV 


4087.... 
4089 


.50 


1; 


.30 
.06 


1 
In 


.70 


1 


.29 

8.89 


2 
2 


Zrn .69 (5) 
Cr n 6. 19 (1) 

Feu .27 (*) 
Cr ii . 64 (pred) 

Fei 8.57 (1) 


4090 . 














.55 


2 


Fen 8. 73 (*) 
Cm 8. 85 (pred) 
Fei .22 (1) 

Zr ii .52 (10) 


4093 






59 


2n 


23 


1 








4097. . 






29 


2 






6.70 


1 


Zr ii 6.63 (4) 


4098 .... 






.21 


3n 






.42 


1 


Cm.. 48 (1) 


4099 






97 


2 










8 ii 27 (2) 


4101. . .. 
4103 


.77 


20 


.72 
77 


7 
1: 


.74 


20 


.77 
4.33 


20 
1 


8 n .42 (3) 
Mw n 0.00 (1) 

Hb .74 (7) 
A n .91 (10) 


4104 


99 


1- 


91 


In 











Fei 4.14 (2) V 
Mn n 5 01 (2) 


4106 






82 


In 












4108 . . 










.10 


In 


7.48 


2 


Fei 7.50 (5) III 


4109. ... 
4111. . .. 
4111 


.89 
.10 


1: 
1 


.74 
0.97 

82 


2 
1 
1 


.96 
0.95 


1 
2 


.75 
0.99 
2.62 


2 

4 
1 


Fei .SI (4) IV 
Cm .04 (2) 
Cm 2.57 (pred) 


4112 . . 


91 


1: 






3.02 


1 


3.26 


3 


Fei 2. 97 (2) V 
Cm 3. 29 (1) 


4114 














.94 


1 


Fei .45 (4) IV 


4116. . . 










.52 


l:n 






Fei .96 (1) 
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VK 
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4118 . 














57 


3 


Fe i . 56 (6) IV 


4119 


.28 


1: 


.49 


In 


.34 


1 


.56 


.3 


On .22 (8) 


4120. . .. 


.91 


2 


.79 


2 


.83 


1 


.99 


1 


//ft .81 (3) 




















He i .98 (1) 


4122 


65 


4 


.64 


4 


.64 


6 


.63 


8 


Fen .67 (*) 


4123. 










.66 


1: 






Fei .74 (1) 


4124. . .. 


.71 


1 


.78 


2 


.59 


2 , 


.80 


3 


I'll .91 (15) 


4125 . 


.62 


1 


6.30 


1 










Mnn .86 (1) 


4128. . .. 


.13 


6 


.22 


7 


.09 


7 


.25 


8 


Sin .05 (8) 


4128. . . . 


.76 


1 






71 


2 


.76 


8 


Fen .73 (*) 


4129 . . . 


.49 


1 
















4130 .... 


.88 


6 


.86 


8 


.87 


8 


.76 


3-4 


Sin .88 (10) 


4132 . . . 


.33 


1 






.20 


1 


22 


4 


Fe i 06 (7) II 




















Mnn .28 (1) 




















Cm .45 (1) 




















Fei .91 (3) III 


4133 . 


.39 


1: 
















4133 














92 


1 


Fe i 87 (2) 


4134 


.67 


1: 






.58 


1: 


67 


2 


Fe i 68 (5) IV 


4136. . .. 


.75 


1 


7.16 


1 


.02 


1 


.03 


2 


Mnn .91 (2) 




















Fei 7.00 (3) IV 


4138. . .. 


.11 


1: 


.16 


2 


.28 


1 


.35 


2 


Fen .37 (*) 


4139 


.04 


1: 
















4140 










32 


1 


10 


1 


Fe i 9 93 (1) II A 




















O n? .41 (3) 


4141. . .. 


.26 


1: 
















4142 


.29 


1 


1.92 


2n 










8 n 24 (8) 


4143 .... 


.73 


3 


.69 


5n 


.79 


2 


.73 


7 


Fei .42(5) III 




















He i .77 (2) 




















Fei .87 (7) I 


4145. . .. 


.14 


1: 


.55 


2 


.79 


2 


.70 


3 


Sn .05 (8) 




















AT n .76 (3) 




















Cm .81 (3) 




















Fei 6. 07 (2) 


4145 


.80 


2 
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4147. . . . 


.15 


1: 


.10 


1 


.10 


1 






S ii 6. 90 (5) 


4147 














.73 


1 


Fei .68 (4) III 


4149. . . . 


.11 


1: 






.23 


1 


.17 


7 


Zr ii . 21 (75) 




















Fei .37 (2) V 


4150 .... 


.39 


1: 
















4150 






.97 


2 


.76 


1 


.89 


2 


Zrn .98 (10) 


4151. 


.62 


1: 
















4152 














.27 


1 


La u 1.95 (250) 




















Fe i . 18 (2) II A 


4153. 


.17 


1 


.00 


4 


.22 


1: 






Sn .05 (10) 




















On .31 (7) 


4154 .... 


.80 


1: 


.67 


1 


.61 


1: 


.38 


2 


Fei3.92 (4) IV 




















On .29 (pred) 




















Fei .50 (4) III 




















Fei .82(4) IV 


4156. . . . 


.22 


1: 


.40 


In 






. 34 


3 


Zru .24 (15) 




















Fei !81 (4) III 


4158 






.16 


In 


7.98 


1: 


7.98 


1 


Fei 7.79 (3) IV 


4158. . . . 


.50 


1: 










.64 


1 


Fei .81 (2) V 


4160. 


.67 


1 


.77 


2n 


.54 


1 








4161 










.34 


1 


.37 


9 


Zru .21 (20) 




















Tin .52 (1) 




















Sm .8130 


4162 


.45 


1 


.55 


2 


.96 


1: 






S u . 29 (2) 
















* 




*S ii .64 (10) 


4163.. .. 


.70 


1-2 


.62 


4 


.59 


4 


.59 


12 


Tin .65 (40) 


4165. ... 


.32 


1 


.08 


1 


.25 


1 


.48 ' 


2 


S ii 4. 98 (2) 




















Sn .20 (3) 




















Fei .42 (1) 


4167. . .. 


.44 


1 


.08 


In 


.14 


1: 


.29 


2 


Mgi .27 lOnlll? 


4169 


.03 


1: 


8.65 


2 


8.48 


1 






8 ii 8.37 (5) 




















HeiS.W (I) 


4170 


.85 


1 






.58 


1 






Cr ii . 65 (pred) 


4171. . . . 


.87 


1 


.82 


2 


.93 


3 


.89 


10 


Tin .90 (30) 




















Cm .92 (pred) 


4173. . . . 


.46 


5 


.61 


5 


.48 


8 


.57 


12 


Fen .48(6) 




















'Tin .54 (1) 




















Sn .97 (4) 




















nil 4. 09 (2) 
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4174 


.47 


1 














*Sn .25 (5) 


4175. . 


76 


In 






.05 


1 


.62 


1 


Fe i . 64 (4) III 


4176 






00 


1 


.31 


1 






N ii 17 (3n) 


4177. . .. 
4178. . .. 

4180 


.75 
.91 

.81 


2 
5 

1 


.68 
.98 


2 
6 


.65 
.90 

83 


3 

8 

1 


.60 

.98 


11 

12 


FII .54 (125) 

Fn .39 (10) 
Fe n . 87 (6) 
Cm 9. 41 (2) 


4181 .... 














.74 


2 


Fei .76 (6) III 


4182 . . 


62 


1 


3.25 


1 






3.54 


2 


Fn 3.43 (35) 


4184. . .. 
4186 


.19 
.10 


1 
1: 


.41 


1 


.03 


In 


.33 


3-4 


O n .00 (4) 
Tin .33 (0) 
Fei .89(4) III 


4187. . .. 
4187 


.81 


1 


.70 


4n 


6.92 

.72 


1 


.41 


3-4 


Fei .05 (6) III 
Fei .81 (6) III 


4189. . .. 
4190 . . 


.60 

88 


. 1 
1 


0.21 


In 


0.26 


1 


0.37 


2 


$n .68 (4) 
On .79 (10) 
Tin 0.29 [11 
Fn 0.40 (4) 

Si n 0.74 (3) 


4191 .... 
4193 . . 


.92 


1 


2.05 
.50 


2 

1 


2.06 
.40 


1 
1 


.52 


3 


Fei .45 (6) III 
Mil 2. 07 (1) 


4195 






68 


In 


.52 


1 


35 


2 


Fei .34 (3) IV 


4196 














.22 


2 


Fei .62 (2) 
Fei .22 (2) IV ' 


4198 






.24 


1 


.09 


1 


.60 


3 


Si ii . 17 (2) 


4198. . .. 
4200 


.93 

.58 


1: 
1 


9.33 
.57 


1 
4 


9.17 
.40 


1 
1 


9.19 


3 


Fei .31 (6) III 

Fei 9. 10 (6) III 

Fn 9. 28 (5) 

Mnn .25 (2) 


4202.... 
4204. 


.21 
.25 


1 
1: 


.55 


2 


.05 

3.88 


1 
1: 


.17 
.11 


7 
1 


Fei .03 (7R) I 
Fn .35 (35) 

/<Vi3.99 (3) III 




















Fn .20 (8) 
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a( 
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j 
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4205 . 
4206 


.27 
38 


1: 

t 
1 


.38 


2n 


.24 


1 


.16 


4 


Y II 4. 69 (10) 
Vn .09 (30) 
A/?iii? .47 (1) 

Mn IT 43 (2) 


4207 










.27 


1 


.22 


2 


Fe i . 13 (2) IV 


4208 . 










.77 


1 


9.00 


4 


Cr ii . 34 (pred) 
Zr n . 98 (30) 


4210 


01 


1- 






9 81 


1 






V n 9 80 (12) 


4210. . . . 














.36 


2 


Fei .36 (6) III 


4212 


10 


1: 










1.93 


2 


Zr IT 1.88 (12) 


4213 . . . 














.60 


1 


Fei .65 (2) IV 


4215 
4217 

4218... . 


.47 
.10 

.37 


1 
1 

1 : 


.66 

.58 


2 
In 


.60 

.28 


2 

1 


.56 
.41 


12 
2 


tfrii .52300r 
On .78 (pred) 

On .09 (pred) 
*S ii . 19 (4) 
Fei .56 (2) IV 


4219 


.41 


1 






.09 


1 


.64 


2 


Fe i .36 (5) IV 


4220 


66 


1 : 






J6 


1 


.39 


1 


V n 04 (4) 


4222 . 










14 


1 


.27 


2 


Fe i .35 (2) IV 
Fe i 23 (5) III 


4222 .... 


.99 


1 


.98 


1 












4224 .... 


,03 


1: 
















4225 .... 

4226. . .. 
4227 


.01 

.56 
61 


1 

1 
1 


4.78 
7.50 


1 
1 


4.84 
7.01 


1 
1 


4.98 
7.02 


34 

8n 


On 4. 85 (2) 
Vu .21 (20) 
Fei .46 4 IV 

Cai .735001 
Alii .81 (6) 

Fe i 7 45 (7) III 


4228 










37 


1 






Al n 7. 49 (5) 
\a Per. 34? (1)1 


4229 .... 


.38 


1 










.23 


1 


Fei .52 (1) 


4231 


20 


1 


53 


1 


22 


1 






S 11 94 (4) 


4233 .... 


.11 


10 


.17 


12 


.05 


12 


.19 


13 


Fe 11 . 16 (8) 
On .25 (1) 
Fei .61 (6) III 



t Possibiy 1 line? 
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4234 










.65 


1: 








4235.. .. 
4236 . 


.77 
92 


1 

1: 


6.49 


1 


.62 
.43 


1 
1: 


.97 


4 


FII .73 (20) 
Fei .95 (8) III 

AT ii .98 (6n) 


4238. . .. 
4240 . . . 


.64 


1 


.94 


1 


9.01 


1 


.70 
.21 


3-4 
1 


La ii .38 (400) 
Fei .83 (4) IV 

Fei .37 (2) 


4241 










.03 


1: 








4242. . .. 


.31 


3 


.28 


4 


.32 


4 


.40 


6 


.Vii 1.80 (8n) 
Mnn .35 (2) 

Cm .35(5) 


4244 .... 
4245 


.56 
90 


1 
1- 


.61 


2 


.62 


In 


.55 


1 


Afnn .26 (1) 
Mil .$0,(1) 


4246. . .. 
4247 


.79 

89 


2 
1: 


.77 


2 


.89 


3 


.84 


13 


Sen .83 (100) 
Fei 7. 4.4 (5) III 

Mnii .95 (1) 


4248 


46 


1 






37 


1 : 








4250 .... 


.30 


IndJ 


.29 


1 


.19 


1 


.56 


4 


S ii 9. 94 (1) 
Fei .13 (7) III 
Fei .79 (8) II 


4252 


.53 


lr 


.75 


2 


.60 


12 


.62 


3 


Cm .66(1) 
*Mnn3.02 (2) 


4254. . .. 
4255 


.46 
.92 


1 
1: 


.55 


1 


.53 
6.18 


1 
1 


.47 
6.18 


3 
2 


Cn .34 (1000) II 
Fei 6. 21 (2) ? 


4258. . .. 
4259 


.19 


2 


.39 


4n 


.21 
.13 


3 
1 


.17 


8 


Zrn .05 (12) 
Fen .14 (*) 
Mnn9.262 


4260 


.51 


1 






.31 


In 


.52 


5 


Fei .49 (10) III 


4262 
4263 


.00 
.94 


2 
1 


1.85 
.76 


2 
1 


1.81 
.96 


3-4 
1 


1.98 

.82 


5 
1 


Cm 1.81 (pred) 
Cr n 1 .1H (2) 


4265. . . . 


.57 


1: 






43 


1 





























t 4250 RH two lines: 4250.18 1 : ; 4250.75 1. 

4252. Line probably present in red wing of 4252.53 at 4263.03. 
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4266 






.73 


I 


.83 


1: 






A ii .53 (10) 




















Sn .90 (4) 


4267 .... 


.08 


1 


.41 


2n 










Cn .02(8) 




















8 II .27 (4) 




















fii .27 (10) 





















S n .76 (6) 


4267 










.90 


1: 


.51 


1 


to i 6.97 (2) IV 




















Fei .83 (2) IV 


4269.. .. 


.38 


1 


.32 


2 


.26 


1-2 


.29 


3 


On .30 (1) 




















6' ii .72 (5) 


4270 










.66 


1 








4271 


.04 


1 






.70 


2 


.70 


7 


Fe 1.17 (7) III 




















Fei .76 (8R) II 


4271 .... 


.82 


2 
















4273 .... 


.29 


2 


.31 


3 


.32 


2 3 


.39 


5 


Fen .31 (1) 


4274 


,50 


1: 














Oi 4.80 (300) II 


4275 .... 


.40 


2 


.54 


2 


.48 


2 


.41 


4n 


On .56 (1) 


4276 .... 


.87 


1: 






7.24 


1: 








4277. ... 


.96 


2 


8.40 


4n 


8.21 


2 


8.16 


3-4 


to ii 8. 13 (1) 




















S ii 8. 51 (4) 




















V u 8. 92 (15) 


4279 .... 


.98 


1; 






0.16 


1: 


0.48 






4282. . . . 


.30 


1 


.40 


1 


.50 


1 


.53 


2 


Zrn .20 (6) 




















to i .41 (6) III 




















Mnu .50 (3) 




















Su .60 (4) 




















Ca i 3. 01 40 I 


4284 .... 


.16 


2 


.12 


2 


.35 


2 


.22 


4 


Af nn 3. 84 (1) 




















On .24 (2) 


4285 .... 


.75 


1: 


.02 


1 












4286. . . . 


.28 


1 


.08 


1 


.39 


1 


.33 


1 


Zrn .51 (5) 


4287 .... 


.33 


1: 
















4287. . .. 


.98 


1 


8.07 


1 


.93 


1-2 


.92 


7 


Tin .89(2) 


4290 .... 


.06 


1-2 






.27 


4 


.19 


13 


Oi9.72 (350) II 




















Tin .22 (50) 


4292. . . . 


.17 


In 


.30 


1 


.23 


1 


.21 


1 


Fe i .13 (pred) 




















Mnn .28 (2) 




















to i .29(1) 
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4294 .... 
4295 . . . 


.13 
.03 


2 
1:: 


.17 


4 


.12 


4 


.18 


12 


Ti ii . 10 (40) 
Fe i . 13 (6) II 
8 n .39(6) 
Sc.ii .77(5r) 


4296. . .. 
4297 


.86 
.68 


3 

1: 


.57 


4 


.54 


4 


59 


8 


Fe n . 56 (6) 


4298 


54 


1- 


20 


1 


46 


1- 








4300. . .. 


.03 


3 


.00 


4 


9.97 


4 


.02 


13 


Fe 19.25 (7) III 
Tin .05 (60) 
Mnii .24 (1) 


4301 .... 


.79 


1 


.65 


1 


.91 


2 


2.04 


8 


Tin .93 (15) 


4303 .... 
4304 


.17 
69 


5 
1 


.18 


5 


.28 
69 


4-5 
1 


.17 


8 


Fe n . 18 (4) 


4305 .... 
4306 


.72 


1: 


.57 

81 


1 
1 


.67 


1 


.72 


3 


SVn .4640 
Sen .71 (6) 


4307 .... 
4309 .... 


.94 
.41 


l-2n 
1 


.86 


2 


.81 


3 


.88 
.66 


9 
3 


Tin .86 (40) 
Fe i .91 (8R) II 

FII .62 (50) 
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.87 


2 
2 


.68 


13 


Sen .09 (30) 
Ti ii 4 . 98 (40) 




















Fei .09 (5) III 


4317. . .. 
4318 


.31 
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.98 


1 














flciiS.OO (20) 


4325 .... 


.64 


3 


.50 


4 


.52 


2 "3n 


.36 


11 


to i .77 (9R) II 


4326 






.77 


1 










Mn ii . 71 (3) 


4328 


07 


1 
















4330. . .. 


.37 


1 


.52 


1 


.55 


In 


.56 


7 


Tin .26 (0) 




















Ti ii . 71 (0) 


4331 






.27 


1: 










A ii .25 (10) 


4332 . 


.03 


1: 


.11 


1 












4333 














70 


2 


Zr ii .27 (15) 




















La. n .77 (500) 


4335 . . . 


.86 


1: 
















4337 


.94 


2 I 






.95 


1 


.87 


10 


Tin .32[l] 






[ 
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04 


1: 


2 85 


1 




4464 .... 
4465 .... 


.06 

.58 


In 
1: 


.19 


1: 


.45 


2 


.38 


7 


*Sn3.58 (7) 
Su .44 (6) 
Tin .46 (1) 


4466 


.67 


1: 






.46 


1 


.36 


2 


Fe i . 56 (5) II 


4468 .... 
4470 


.47 
.10 


3 
1: 


.46 
9.99 


2 
1 


.49 


4 


.66 


10 


Tin .49 (50) 
Tin 9. 15 (tr) 
Fei 9. 39 (4) IV 























Ii 4461. May be one line 4401.03 int. 2n. 



190 



THE SPECTRA OF THIRTEEN TYPE STARS 



59 



TABLE III Continued 



X 


*i 


-.eo 


uS- 


r 


aC 


YB 


A 


ur 


Identification 


4470 .... 










.88 


1 


.84 


5 


Tin .86 (tr) 


4471 


57 


3 


54 


6 


46 


1 






He i 48 (6) 


4472. . .. 
4475 


.83 


1 


.89 
63 


1 
1 


.94 


2 


.95 


4 


He i .69 (1) 
Fen .91 (*) 


4476 .... 


.27 


1 






5.90 


1: 


.01 


2n 


Pel .02 (7) III 


4478 . . 






50 


1 






8.10 


1: 


Mnn .74 (1) 


4479 














.62 


1: 


Fei .61 (2) 


4481 .... 
4483 . . 


.26 


10 


.12 
53 


9 
1 


.25 


12 


.22 


10 


M0n j;g}(100) 

*S ii . 42 (6) 


4487 . . . 






14 


In 










8 u 6 63 (3) 


4488 










.36 


1 


.31 


4 


Tin .32 (15) 


4489 .... 
4491 .... 
4493 .... 


.19 
.32 

28 


2 
3 
1 


.20 
.49 
91 


2 
2 
1 


.19 
.40 


3-4 

4 


.10 
.42 
55 


7 
6 
2 


Feu .21 (4) 
Fen .41 (4) 
Tin .54 [1] 


4494 














.53 


2 


Zrn .41 (8) 


4496 .... 














.79 


2 


Fei .57 (5) III 

Zrn .97 (15) 


4499 






.42 


1 












4501 .... 
4504 . . . 


.32 


1-2 


.21 

.48 


1 
1 


.28 


34 


.28 


11 


Tin .27 (40) 
CT ii 54 (pred) 


4506 














.60 


1: 


Ti ii . 74 (pred) 


4508 
4511 


.32 


34 


.41 


5 


.29 
74 


5 
1- 


.31 
16 


10 
1- 


Feu .29 (8) 


4512 






.29 


2 












4515. . .. 
4518 


.30 
.13 


4 
1: 


.39 


5 


.37 


5 


.36 
.36 


10 
2 


Fen .34 (6) 
[a Per 36 (4w)] 


4520 .... 
4522. . .. 


.20 
.67 


2 
3-4 


.19 
.67 


5 
5 


.21 
.65 


4 
5 


.24 
.66 


9 
10 


Fen .24 (6) 
Fen .64 (6) 



191 



60 



A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE III Continued 



X 


nl 


(CO 


u fr 


>r 


a C 


> 


* A 


ur 


Identification 


4524. . . . 


.75 


1: 


5.04 


1 


.99 


1 


.92 


2 


Su .65 (2) 




















Tin .74 [1?] 




















Sn .96 (6) 




















7^i5.15 (3) IV 




















Ti ii 5. 25 (pred) 


4526 .... 


.15 


r 






.35 


1 


.35 


1 




4528 










.30 


1 


.57 


3 


Fe i . 62 (7) II 


4534. . . . 


.14 


2 3 


.10 


4 


.04 


5 


.11 


12 


Ti ii 3. 97 (30) 




















Fe ii . 18 (*) 




















Mgii .26 (4) 




















Sn .39 (4d) 


4539 






.95 


In 






.70 


2 


[a Per 71 (3)1 


4541 


. 51 


2 


.52 


4 


.53 


3 4 


.55 


5 


| M, -1. V, J. . I M. \1.f J J 

Fen .33 (1) 




















Fen .53 (*) 


4544 . 














.06 


3 


Ti u , 03 (tr) 


4544 






.85 


1 


.92 


1 


5 . 07 


2 


f Cr n . 69 (pred) 




















A n 5.08 (10) 




















TV ii 5. 16 (tr) 


4548 














.26 


1: 


Fei 7.86 (3) V 


4549 .... 


.51 


7 


.57 


6 


.53 


12 


.66 


12 


Fen .48 (4) 




















AS n .56 (4) 




















T/n .62 (60) 


4552 


.71 


1: 


.39 


1 


.27 


1 


.23 


3 


Tin .25 (pred) 




















Sn .37 (5) 




















AT ii .50 (4) 




















Sim .61 (9) 


4554 












- 


.02 


3 


Zm3 96 (12) 




















Ba ii . 04 1000R 


4554 










.96 


2 


5 . 03 


2 


Cr n 5 . 00 (2) 


4555 .... 


.65 


3 


.74 


4 


6.00 


6 


.89 


9 


Fen .90 (6) 




















F0I6.13 (3) V 


4558 .... 


.67 


3 


.68 


4 


.66 


6 


.73 


7 


Cm .66 (20) 




















Cm .78 (pred) 


4560 










.87 


1: : 


1.18 


2 


[a Per .25 (In)] - 


4561. 






.82 


1 






2 . 50 


1 




4563 .... 


.68 


1 


.67 


2 


.79 


3 


.91 


9 


Tin .76 (30) 




















F u 4. 59 (10) 


4566 






.02 


1 


5.77 


2 


5.58 


2 


Cm 5. 78 (2) 


4568 






.30 


1 


7.79 


l:n 


.33 


2 


Si in 7 83 (7) 




















Tin .31 [1] 



192 



THE SPECTRA OF THIRTEEN TYPE STARS 



61 



TABLE IllContinued 



X 


Hi 


,eo 


uS 


gr 


aC 


y 


e A 


ur 


Identification 


4569 














.92 


1: 




4571 .... 
4576.... 
4577 


.93 

.48 


1-2 
2 


2.01 
.26 


2 
2 


.97 
.36 

.84 


3-4 
3 
1 


2.00 
.29 


10 
6 


Tin .97 (50) 
Fen .31 (4) 


4579 .... 
4581 


.79 


In 


.96 


2 


.90 
36 


2n 
1 


; 0.15 


3 


La IT 0.08 (150) 
r* ii 0.4711] 

\Cai .41 40 II] 


4582 










82 


1-2 


.85 


4 


Feu .83 (*) 


4583 ... 
4585 . . . 


.77 


5v 


.68 


5n 


.89 

87 


8 
1 


.86 


12 


Ti ii .45(1] 
Fen .84 (8) 

Alii .82 (6) 


4588 .... 
4589 


.27 


2 


.18 
.99 


5 
1 


.19 

.85 


3-4 
12 


.17 
.94 


6 
4 


A I ii .19 (5) 
CVii .21 (20) 
Cm .40 (pred) 

rrii .89 (pred) 


4592 .... 
4593 


.21 


1 


.10 

86 


1 
1 


.03 
92 


2 
1 


.08 
97 


3 
2 


A ii .93 (9) 
Cm .94 (1) 
T?:n .96 (2) 

Cm .06(2) 


4595 
4598 


.77 
67 


1 
1 


.97 
61 


2 
1 


.90 
22 


2 
1 


.88 
14 


2 
1 


Fen .69(*) ' 
Fei6.06 (2) 
On 6. 19 (8) 


4600 .... 










15 


1- 


11 


1: 


Fn .17 (8) 


4601 






42 


2n 






.33 


1: 


Nil .366V 
Fen .38 (*) 


4602 .... 














96 


1 


TV n .49 (8) 


4604 














90 


In 




4605 .... 






04 


1 












4607 






33 


1 










N n . 17 (7) 


4609 






80 


1 






.46 


1 


Ti n . 26 (pred) 


4611 














45 


1 


An .60 (15) 























193 



62 



A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE III Continued 



\ 


? 


Neo 




Hr 


a< 


2yg 


ti 


Ur 


Identification 


4613 . 














40 


1 


Fe i . 22 (3) V 


4616. . . 
4618. . . 
4620. . . 

4623 .... 


.73 

.83 
.65 


1 

1-2 
1 


.73 
.95 
1.29 


2 
2 

2n 


.69 

.85 
.53 

.18 


2 
2-3 
2 

1: 


.66 
.82 
.57 


4 
6 
5 


[La n .40200 VE] 

Cm .67 (3) 
Cm .82 (10) 

Feu .52 (*) 
Nu 1.41 (7) 
Cm 1.48 (pred) 


4625 . . . 






81 


1 


69 


1: 


89 


r 




4629 .... 
4631 .... 


.33 


2 3 


.53 


4n 


.34 
72 


4 
1 


.33 
91 


8 
1 


Feu .33 (4) 
N n 0.55 (10) 


4634 






.08 


2 


.05 


2 


.08 


5 


Cr n 09 (10) 


4635 






31 


1 


42 


2 


36 


2 


Feu 35 [1] 


4637 






85 


1 


8 14 


1 






Fe i 8 02 (4) IV 


4640 






.78 


1 












4642 .... 






93 


1 












4648 .... 






55 


1 


9 02 


1 






S n 14 (3) 


4657 .... 




* 


11 


2 


04 


2 


08 


4 


Feu .32 (*) 
8 ii 6 75 (5) 


4659 














33 


1 


Feu .01 (*) 
Tin .21 (tr) 


4660 .... 














84 


1- 




4663 






.31 


4 


.30 


2n 


77 


2 


Fe n .72 (*) 


4666 






94 


1 


76 


2-3 


75 


3 


Fe ii 75 (*) 


4670 . . 






39 


1 


16 


2 


28 


4 


$c n 40 (10) 


4673 






47 


1 


2 67 


1: 






O ii 2 34 (3n) 


4674 










.52 


1: 








4679 .... 






07 


In 






01 


1 




4680 .... 














25 


1 


Zn i 14 (10R) 


4682 














69 


1 


7 ii 32 (20) 


4685 














06 


1 
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TABLE IllContinued 



X 


*i 


;6O 


V& 


r 


aC 


"y 


A 


ur 


Identification 


4687 














.48 


1: 




4691 














30 


1: 




4698 














.69 


1 


,SVn .28 (1) 


4702 












*. 


.97 


2 


Cri .48 (3) 
Cn .62 (3) 
On .74 (pred) 

Mg 1,3.0040V 


4707 














.44 


1: 




4708 .... 














.75 


3 


Tin .66 (tr) 


4710 














.16 


1 




4711 














35 


1 




4713 . 






25 


4 






2 87 


1 


Ha i . 14 (3) 


4713 














.99 


1: 


He i .^7 (1) 
ATM 4. 42 25 II 


4716 






.38 


2 










Nil .25 (7) 


4719 














45 


In 


Tin .51 (1) 


4721 














.45 


1 




4723 .... 






.23 


1 






24 


1 




4726 






.96 


1 










A n .91 (10) 


4727 














85 


In: 


[Mm .46 10 III] 


4731 






45 


3-4 






32 


5 


Fe ii .49 (1) 


4733 














97 


1 


[Fei .59 (3) IB] 


4736 .... 






28 


1 






89 


1 


A n 5.93 (15) 


4739 






.72 


2 










Fei .79 (5) II 
Mg n . 59 (5) 


4742 






56 


1 












4755 






81 


2 










M?in .74 (2) 


4762 














65 


2 


Mn i 38 30 III 


4764. . .. 














.23 


3 


Ci .41 (4) 
Tin .77 (1) 

Ti ii? 3. 90 [1] 


4765 






20 


I: 










Tin? .47 [1] 
A a 4 89 (10) 
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X 


n 


*o 


i/f 


%r 


aC 


>g 


A 


ur 


Identification 


4770 . . 














.26 


1 


Ci .00 (2) 


4771 














,58 


1 


On .47 (3) 


4774 






83 


1 










Ci .72 (4) 


4775 














.68 


1 


Ci .87 (3) 


4779 






91 


1 






0.07 


4 


Ti ii .99 (1) 


4791 






79 


1 












4783 














.17 


2 


Mm .43 501 


4785 .... 














.71 


1 


[a Per .68? 1] 


4788 . . . 














.21 


1: 




4792 . 














.13 


l:n 




4798 














.57 


5 


Tin .52(2] 


4805 














.00 


6 


Tin .11 (2) 


4806 






03 


2-3 










A ii 6.07 (20) 


4807 . . . 














.13 


2 


\Nii .994 III] 


4810 . . 














41 


1 


Zm .53 (10R) 


4812 














.11 


2 


Cm .37 (2) 


4815 . 






54 


2 










8 ii . 52 (9) 


4817 














.11 


1: 


Ci .33 (1) 


4818. 














94 


1- 




4819 






74 


1 










*S ii . 55 (2) 


4820 . . . 














.90 


1: 


Tin 1.01 (pred) 


4824 






.12 


2 






3.92 


9 


Y 11 3. 31 (30) 


4826 . . 






72 


1 










Sn .03 (3) 
Cr u . 13 (10) 
Mm .52501 


4830 






.93 


2 






1.03 


2 


[Ni i 1 . 19 10 III] 


4833 . . 














.07 


1 


[Ni i 2 70 2 V] 


4836 






71 


1 






38 


4 


Cr n 22 (2) 


4839 . . 






53 


1 






45 


!. 


Ti u 22 [1] 
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TABLE IllContinued 



A 


nT 


,eo 


ufr 


*r 


at 


YK 


A 


ur 


Identification 


4841 














28 


1: 




4843 .... 






.36 


1 












4845 






25 


2 












4847 .... 






.91 


1 






8.27 


8 


A n .78 (8) 


4851 . 






09 


2 






.50 


1: 


On 8. 27 (8) 
Mg n . 10 (5) 


4854 .... 














.82 


4 


Y ii .87 (150) 


4855 














93 


4 


Ni i 42 15 III 


4861 .... 






.20 


6 






.34 


11 


Or n 6.20 (1) 
lift .33 (9) 


4864 






59 


1 






.31 


7 


Or n .38 (3) 


4865 














.85 


4 


Ti H 62 (tr) 


4869 .... 














.22 


1: 


Mi 6. 28 10 III 


4871 














.43 


6 


Fei 33 (8) III 


4873 .... 














.82 


7 


Fei 2. 15 (6) III 
Till 4.03 (tr) 


487o 






38 


2 






41 


8 


Or n .42 (2) 


4883 






50 


I 






72 


9n 


Or n . 50 (pred) 
Y ii 69 (200) 


4884 . . 






.78 


1 










Or ii 61 (1) 


4886 . . . 














.76 


1: 




4888 . . . 














.16 


1: 




4891 . . . 














13 


7 


Fe i 77 (7) III 


4893 














.71 


2 


Fei .51 (9) III 

fa Per .78 (4w)\ 


4895 . . . 














.37 


1 


\O ii .82 (-1) / 


4896 






36 


1 












4898 . . . 














.74 


2 




4900 . . . 














.05 


8 


Y n . 13 (150) 


4901 






52 


2n 










Or n .62 (1) 


4905. . . 














.93 


1: 
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X 


ii 


jPO 


V fr 


<gr 


a( 


*y 


< j 


iur 


Identification 


4907 






53 


1 












4909 . . . 














.09 


1: 




4911 















.33 


9 


Ti ii 21 (0) 


4920 














57 


8 


Fei .52 (10) III 


4921 






.45 


2 










He i .93 (4) 


4924 






21 


4 






3 82 


10 


Feu 3 93 (10) 


4942 






08 


] 










Su .08 (4) 
5 ii 5. 32 (5) 


4948 .... 






.79 


2 












4952 . 






.46 


In 






















1 











The wave-lengths for the three peculiar stars a Andromedae (AOp), r 9 Eridani (AOp), and <p Her- 
culis (B9p) are given in Table IV. Several one-prism plates of excellent quality were measured of 
a Andromedae, but the wave-lengths in this star are the most unsatisfactory of any included in the 
present discussion. Baker 8 found that certain lines in this spectrum gave discordant velocities. 
The positions of rather well-defined lines differ by as much as 0.4 A on plates of the best quality. 
The spectrum is dominated by lines of singly ionized manganese. The star r 9 Eridani is representa- 
tive of the abnormal "silicon" group. All three stars in Table IV were measured on one-prism 
Process plates. 

8 Pubs. Allegheny 06,s., 1, 17, 1910. 
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TABLE IV 
WAVE-LENGTHS AND IDENTIFICATIONS IN PECULIAR STARB 



X 


fi 


md 


T 


Kri 


vl 


ler 


Identification 


3982 


63 


1 


19 


2 


74 


5 


Tin .00 (tr) 


3984 


13 


3 


3 94 


1: 


.01 


6 


FII .59 (150) 


3986 


57 


1 


09 


1: 






Mnu .01 (1) 


3990 


46 


1- 






11 


2 




3991 






.84 


1-2 


.18 


3 


Zr n . 14 (40) 


3993 ... . 






86 


1: 


.78 


1: 


Su .49 (6) 


3995 


24 


In 






38 


2-3: 


Mnu .86 (1) 
N u .00 (10) 


3997 






.94 


2 


.62 


2-3 


Sin 8.00 (In) 


3998 


78 


1 






.99 


3 


Zrn .97K3Q) 


4000 


33 


1 


9 50 


1-2 


9.96 


2 


Mnn .06 (1) 


4000 










85 


1 




4002 


30 


1 






02 


2: 




4003 










.41 


2: 


Cm .33 (2) 


4005 .... 


01 


1: 


22 


1: 


.04 


1: 


Fe i .25 (7) IT 


4007 . 






86 


1- 








4008 






.95 


1 


.77 


1: 




4009 


43 


1: 


.93 


1-2 


.66 


2-3 


He i .27 (1) 


4010 










38 


2 


Mn ii 84 (1) 


4011 






.34 


1: 


.78 


1: 




4012 


.87 


1 


.54 


3 


.58 


5 


Ti u 37 (4) 


4014 . . 


74 


1- 


00 


1: 


49 


In 


Sc ii 49 (8) 


4015 










.54 


1: 


Nin .50 (1) 


4016 


14 


1 












4017 . . . 


80 


1 












4018 






31 


! 


43 


1 


Zr n 39 (10) 


4019.. .. 


53 


1- 












4020 






.69 


1 


.79 


1 




4022 


.35 


In 


25 


1 
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X 


a / 


Ud 


T 


Eri 


vl 


Pier 


Identification 


4023 . . . . 






.36 


1: 






V ii 38 (50) 


4024 


64 


1 


42 


1 


46 


1- 


Zr ii 44 (12) 


4025 










.27 


2: 


Ti ii . 13 (2) 


4026 
4028 . . 


.39 
64 


2 
1 


.24 
17 


2 

1- 


.57 
42 


4n 
4n 


He i .19 (5) 
He i .36 (1) 

Ti u 33 (7) 


4029 










69 


1 


Zr TI 68 (20) 


4030 


73 


1 


55 


1 


80 


3-4 


Mn I 76 200 I 


4031 






. 63 


1 


2 04 


2 


La ii 70 (300) 


4032 
4034 


.78 


In 


.71 


1 


3.11 
47 


4 
1-2 


S ii . 77 (6) 
Mm 3. 07 1501 

Mm 49 100 I 


4035 


79 


1: 












4037 


.07 


1 






6 84 


1- 




4037 . 






71 


2 3 


97 


2 3 


Cr u 8 04 (2) 


4038 


.77 


1 












4039 


69 


1 


62 


1 


99 


In 


Zr u 24 (4) 


4041 


84 


1 






33 


1 


Mn i 37 50r I 


4042 






54 


1 


33 


1 




4043 






88 


1- 


4 18 


1 




4044 


.60 


1-2 






5.16 


1: 




4046 


.36 


1 


5 74 




5.82 


5 


Fe i 5 82 (8R) II 


4047 . . 


20 


1 






59 


1 


Zru .62 (15) 


4048 


.95 


In 


.82 


3 


.91 


45 


Zr u 67 (25) 


4050 


82 


1: 


1 00 


1 


58 


1; 


Zr ii 33 (15) 


4052 


.48 


In? 






.13 


4 


Cm .00 (1) 


4053 . . . 






13 


1 






Cr ii 45 (pred) 


4054 


41 


1 


06 


1 


3 97 


5 


Ti n 3 81 (3) 
















On .09 (pred) 
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X 


a> 


Uul 


T 


Eri 


*i 


ler 


Identification 


4055 






13 


1 


44 


1-2 


Mn i 55 20 I 


4057 






.28 


1-2 






Mgi .51 (5r) 


4058 


.69 


In 












4059 . 






10 


1: 


50 


1 




4060. 






36 


1: 








4063 






.62 


1 


.54 


1 


Fei .60 (8R) II 


4064 


.77 


] 












4065 






37 


1 








4066 


98 


1 






7 16 


1: 


Niii 7.04 (3) 


4068 


85 


1 


73 


1- 








4069 






.83 


1: 






u 


4070 . ... 






80 


1: 


.86 


1 


Cr u . 99 (2) 


4071 


73 


1- 


92 


1- 






Fe i 75 (7R) II 


4073 . . . 






.35 


l:n 


23 


1: 




4075 






48 


3 


35 


1 


fti ii . 45 (2) 


4076 






73 


3 


84 


1 


Si ii 78 (1) 


4077 
4078 


.39 
41 


1: 
1 


.67 


2 


.79 


3-4 


Srn .71 400r 


4079 . 


35 


1 












4080 






06 


1 


23 


1- 




4081 










.16 


1-2 




4081. 


66 


1 


2.05 


1: 


.63 


1: 




4083. 


40 


1 


4 20 


1: 


63 


1: 




4085 


.33 


1 


.83 


1 


.14 


1 




4087 


93 


1 


35 


1 


38 


1 


Fe ii 27 (*) 


4089 






.40 


1: 


.56 


1 




4090 


27 


In 


1 13 


1 


75 


1 


Zrn .52 (10) 


4091....... 










.55 


1 
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A 


a J 


tnd 


r. 


Eri 


<*i 


let 


Identification 


4094 


89 


In 






31 


3 




4095 . 










.16 


1-2 




4096. 


.66 


1 






.22 


1: 




4098 


.87 


1? 






9.23 


3: 




4101 


.76 


50 


.73 


50 


.71 


50 


7/6 . 74 (7) 


4103 


61 


2? 












4104 . ... 










.26 


2: 




4105. . 


00 


1 










Mn ii .01 (2) 


4106 


79 


2 






76 


3 




4107 


.98 


1: 












4108 


.54 


1: 


.04 


1: 


30 


12 




4109 






37 


1: 


36 


1 




4110 


66 


1 






30 


1: 




4110 . 






.98 


1 


1 09 


5 


On 1.04 (2) 


4113 


.70 


1 


.03 


1 


.29 


2 


On .29 (1) 


4116 


28 


1- 






16 


1: 




4118 






47 


1 


.51 


1: 


Fe i . 56 (6) IV 


4119 






59 


1 


81 


1: 




4120 


.99 


1 


.89 


1: 


.98 


1: 


He i .81 (3) 


4122 


98 


1 


68 


1 


65 


1 


He i .98 (1) 
Fen .67 (*) 


4124 






91 


1 


81 


3 


Y u 91 (15) 


4125 


.71 


1 






6.06 


1: 


Mnn .86 (1) 


4126 










96 


2 




4128 .... 


.05 


5 


00 


8 


02 


7 


Si H . 05 (8) 


4129 






.58 


1 


.31 


1 


Feu .73 (*) 


4130 


.90 


4 


85 


8 


92 


7 


Si u 88 (10) 


4132 






42 


1 


58 


2 


Mn ii 28 (1) 


4133 


.68 


1 


.70 


1: 


.65 


1 


On .45 (1) 
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TABLE IV Continued 



X 


a ; 


VmJ 


r 


Kri 


vl 


ler 


Identification 


4134 










74 


1 




4137 


.01 


3 


.22 


1: 


6.80 


3 


Mnu 6.91 (2) 


4138. .. . 






41 


1 


.05 


1 


FCM .37 (*) 


4139 










04 


1: 




4140 


66 


2 






57 


1: 




4142 






.11 


1 






X ii . 24 (8) 


4143. 


9 


In 


.52 


2 


.96 


1-2 


He i . 77 (2) 


4145 






.81 


1 


.82 


2 


Fei .87 (7) I 
Cm .81 (3) 


4147 






.12 


1 : 


6.89 


1 


*Su 6.90 (5) 


4147 










67 


1 




4148 






.70 


1 


9 12 


2 


Zr'ii 9.21 (75) 


4150 






36 


2 


14 


2n 




4152 






01 


1- 






La ii 1 95 (250) 


4153 
4154. 






.27 


1: 


.17 

48 


1: 
1 


tf IT .05 (10) 
Cr n . 29 (pred) 


4155. 






.09 


1 : 








4156 










58 


1 2 


Zr IT 24 (15) 


4158 






90 


1 


65 


1- 




4159 










.47 


1 




4160. .. . 






.67 


1 








4161. 






76 


1-2 


16 


2-3 


Zr n 21 (20) 


4162... . 






.88 


1-2 


3 00 


1- 


Tin .52 (1) 
Sru .81 30 

Sn .64 (10) 


4163 . 








4 


54 


3 


Ti ii 65 (40) 


4164 






84 


1: 


5 08 


1 


>Sn .98 (2) 


4165. 






93 


1 


6 39 


r 


tfri5.20 (3).. 


4167. .. 






.17 


1-2 


01 


1-2 


Mgi .27 lOn III? 
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X 


/ 


Vnd 


T 


Eri 


vl 


ier 


Identification 


4168 






.84 


1: 


9.11 


1: 


8 n .37(5) 


4170. . 






.71 


1: 


88 


1 


He i .97 (1) 
Cr n . 65 (pred) 


4171 


.54 


2 


.89 


1 


2 04 


5 


Ti n 90 (30) 


4173 


91 


In 


67 


1-2 


45 


4 


Fe n 48 (6) 


4174 










54 


2 


Tin .54 (1) 
$u .97 (4) 


4175. .. 






83 


1 


70 


1-2 


Fei .64 (4) III 


4176 


35 


1 


66 


1: 








4178 


31 


2ri 


7 85 


1 


7 52 


6 


Y ii 7 54 (125) 


4179 






01 


12 


8.91 


4 


Fe ii 8 . 87 (6) 


4180 .... 






88 


1 






Cm .41 (2) 


4182 . . 






03 


1 


1 87 


1 




4183 






22 


1: 


02 


1 


V ii . 43 (35) 


4184 


65 


1 


59 


] 


30 


2 


Ti n 33 (0) 


4185. .. 










55 


1 




4186 










68 


1 




4187 






46 


2 


61 


1 


Fei .81 (6) III 


4189 






10 


1 


8 79 


1; 




4190 






69 


2-3 


58 


1 


Tin .29 [1] 


4192 






74 


r 


3 04 


1 


Sin .74 (3) 


4195 






98 


In: 


08 


1-2 




4196 










64 


1 




4198 






.18 


1 


.19 


1: 


Si ii . 17 (2) 


4199 






67 


1 


26 


1 


Fei .31 (6)111 
Fe i 10 (6) III 


4200 


39 


2 


93 


3 


79 


1 


Fii .28 (5) 
M n ii 25 (2) 


4202 






17 


1 


00 


2 


Fe i 03 (7R) I 
















FII .35 (35) 
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A 


a A 


nd 


TI 


]ri 


<r F- 


fer 


Identification 


4202 


77 


1 












4203 






.23 


1 


.46 


1 




4204 . 






13 


1 


62 


1 


I'll .69 (10) 


4205 






22 


1 : 


47 


3 


Mn 11? .47 (1) 


4206 


.23 


3v? 


.58 


1: 


.40 


3 


Mnn .43 (2) 


4207 






66 


1 


.26 


1: 


Cr ii .34 (pred) 


4208 










84 


2 


Zr ii . 98 (30) 


4210 






51 


In 


38 


1: 


Fei .36 (6) III 


4211 . 










.94 


1: 


Zrn .88 (12) 


4212. 






85 


Irr 








4213 










72 


1 


w 


4215 






.53 


1 


.43 


2 


SV ii . 52 300r 


4217 










.05 


1: 


Cm .78 (pred) 
Cr ii .09 (pred) 


4219 






.21 


1 


.64 


1: 


8 ii . 19 (4) 
Fe.i .36 (5) IV 


4221 






.15 


1: 


.44 


1: 




4222 ... 










. 30 


1 


Fei .23 (5) III 


4224 






.93 


1 


.77 


1 


Cr ri 85 (2) 


4227 






56 


1- 


15 


1- 


Ca i 6 73 500 I 


4229 






.95 


1 






Fei .45 (7) III 
Cr ii 82 (pred) 


4231 






60 


1- 


31 


1- 




4233 
4235 


.13 


2 


.22 
25 


4 
1 


.18 
79 


7 

3 


Fe ii . 16 (8) 
Cm .25 (1) 

Y ii 73 (20) 


4238 


.81 


2n 


85 


1 


99 


2-3 


Fe i 82 (4) IV 


4240 . . . 


.82 


1- 






81 


1 




4242 


.60 


2 


49 


2 


.34 


6 


Mn ii 35 (2) 


4244 


.63 


1 


.86 


1 


.23 


2 


Cm .35 (5) 
Mnn .26 (1) 
















Win. 80(1) 
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X 


a J 


\nd 


r* 


Eri 


* 


Her 


Identification 


4245 










60 


1: 




4246 
4247. . .. 


.16 

.84 


1: 
1 


.45 
8.10 


1 
1 


.68 


2-3 


Sen .83 (100) 
Mrcn .95 (1) 


4248 










.41 


1 




4250 






93 


1: 


.67 


1 


Fe i . 13 (7) III 


4251 


.30 


1 






.47 


2 


Fe i . 79 (8) 11 

Mnu .77 (2) 


4253 . 


20 


2 


2.65 


1 


2.88 


5 


Mnn .02 (2) 


4254 






67 


1 


59 


2 


Cr i 34 (1000) II 


4255 


80 


2 


6 29 


1 


6 20 


1- 




4258 .... 






.08 


1 


7.60 


1: 


Zrn .05 (12) 


4259 


25 


2 


30 


1- 






Fen .14 (*) 
Mn ii . 26 (2) 


4260 






.46 


1: 


.44 


In 


Fei .49 (10) III 


4262 


08 


1 


02 


1-2 


1 83 


4 


Crn 1.81 (pred) 


4262 










.86 


1 


On 1.91 (2) 


4263 






.89 


1 


.91 


1-2 




4265 . . 






44 


1 


77 


1: 




4267 


.43 


2 


.41 


2n 


6.99 


l-2n 


Nil 6.90 (4) 


4269 






.35 


l-2n 


8.96 


2n 


Cn .02 (8) 
5 ii .27 (4) 
Cn .27 (10) 

S ii 8. 76 (6) 


4271 






51 


1 


.51 


3 


Oil .30 (1) 
Fe i . 17 (7) III 


4273 . . 


01 


1 


37 


1 


.42 


2-3 


Fei .76 (8R) II 
Fen .31 (1) 


4274 










.58 


2 


Cr i . 80 (300) II 


4275 


.59 


1 


.55 


1 


.58 


3 


On .56 (1) 


4277 . . . 










.24 


1: 




4278 


.49 


1 


.08 


1 


.59 


1: 


Fe ii . 13 (1) 
















Sn .51 (4) 
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TABLE 



X 


a A 


iivd 


T] 


2ri 


<H 


ir 


Identification 


4282 


.27 


3 


.02 


1: 


.23 


3 


Zru .20 (6) 


4283 










.75 


2 


Fei .41 (6) III 
Mn ii . 50 (3) 

Mnn ,84 (1) 


4284 


.37 


1 


.08 


2 


.29 


3 


Cm .24 (2) 


4286 










.09 


In 




4287 


88 


1 


.97 


1 


.80 


2n 


Tin .89 (2) 


4290 






.19 


1 


9.89 


4n 


Cr i 9 . 72 (350) 


4292 
4293 


.42 


2 


1.67 
18 


1 
1 


.11 


3 


Tin .22 (50) 
Mn ii . 28 (2) 


4294. 






.15 


1 


.02 


34 


Ti n . 1Q (40) 


4297 .... 


.01 


1 


6.68 


2 


6.56 


3-4 


Fei .13 (6) II 

,Sn .39 (6) 

Fe ii . 56 (6) 


4298. 






25 


1 


. 46 






4300 


.53 


1 


.22 


2n 


.03 


4-5 


Tin .05 (60) 


4301 






.80 


1; 


.85 


2n 


Mnn .24 (1) 
Tin .93 (15) 


4303 . . 


18 


2 


.17 


2-3 


.15 


3 


Fe ii . 18 (4) 


4304 










04 


1 




4305 










.80 




Sen .71 (6) 


4306 . . . 






.36 


1 








4307 










.15 


1 




4308 


.32 


2 


.42 


1 


7.98 


4 


Ti n 7.86 (40) 


4309 










68 


2-3 


F*i7.91(8R)II 
Y ii 62 (50) 


4310 


.45 


1 












4311 










33 


1: 




4312 






56 


1 


88 


3 


Ti n 87 (35) 


4314 






79 


1-2 


.27 


3 


Sr n 09 (30) 


4314 










.98 


3 


Tin .98 (40) 
















Fe i 5. 09 (5) III 
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X 


a And 


r'Eri 


<e> Her 


Identification 


4317 






.02 
.69 

.68 


1 
1: 
1: 


6.79 
.47 
.64 
.70 


1 
1: 
1: 
3-4 


Ti 11 6. 81 (1) 
5 ii .64 (4) 


4318 .... . 






4319 . . . 






4320 . 






Sen .73 (20) 
Tin .97 (1) 


4321 






.62 


1 


4322 






.56 
5.21 

.72 
.67 

.23 
,47 

98 


1 
3n 

2 
2: 

3: 
50 
3 : 

1:J 
4 

1 
2 
1: 
4 

1 
1: 
1 
2 
1 


La u .51 150 I II 

.Sen 5. 00 (20) 
Fe i5.77 (9R) II 

Mnu .71 (3) 

Tin .26 (0) 
Tin .71 (0) 

Tin 7.92 (50) 
7/7 .47 (8) 

Mnu .03 (1) 
Tin .29 (2) 
Cri .51 (40) II 


4324 


.91 

.75 


1 
2 


5.55 
.98 


2n 
1: 


4326 
4330 ... . 


4338 . 






.47 
.65 


1: 
50 


4340 


.47 


50 


4341 


4342 






.82 
3.89 

5.84 
.59 
.05 

2.08 

.32 


1: 
1: 

1: 
1: 
1: 
2 

1 


.93 
.40 

.39 
.61 

r-31 

.81 

.08 
.51 
.58 
.72 
.83 


4344 


.01 

.12 
.54 


1 

1 
1 


4346 
4348 


Mnii .49 (I) 
Tin .86 (1) 

Feu .77 (6) 
Cr i . 77 (60) I 

iSVn .60 (5) 


4350 


4351 


.67 


1 


4354 


4356 . . 


.90 


1 


4357 


.68 


1 




4358 






Yn .73 (30) 
Zm .74 (10) 


4359 






.60 
.14 


1: 
1: 


4361 






4362 


.94 
.65 


1 
1 


.47 
.58 


In 
1-2 


Ni 11 . 10 (1) 
Mnu .29 (1) 


4365 . 


.89 


1: 
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a - 


Vnd 


T 


Eri 
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ler 


Identification 


4368 






.05 


1: 


7.93 


3 


Ti n 7 66 (15) 


4369 






.44 


1: 


.44 


2 


Feu .40 (*) 


4370 










88 


2 


Zr ii 95 (8) 


4372 






.81 


1: 


.78 


1 




4374 






.76 


1 


.86 


4-5 


SVn .46 (30) 


4377 






17 


3-4 






Tin .83 (1) 
FII .94 (300) 


4377 


.91 


1 






.61 


In 




4380 . . . 


.08 


1 


.46 


1 


9.64 


2 


Zr n 9 77 (9) 


4381 . 










70 


1 




4384 






06 


H 


3 46 


2 


Fe. i 3 5& (tOR) II 


4385 


54 


1 


33 


lj 


13 


2 


Mg ii 4 64 (8) 


4387. 










01 


1 


tfcn4.80 (5) 
Fen .39 (*) 

Ti n 86 (10) 


4388 


23 


1 


13 


1: 


47 


1 


He i 7 93 (3) 


4390 






78 


1 : 


54 


2 


Mg n 59 (10) 


4393 


46 


1 


32 


1 


67 


1 


Ti ii .98 (tr) 
Ti n 4 06 (2) 


4395 


55 


1 


58 


1-2 


4 99 


2 


Ti ii 04 (60) 


4396 










05 


1 


Ti ii 5 85 (2) 


4398 






32 


1- 


14 


3 


Y n 02 (50) 


4399 






97 


1: 


25 


3-4 


Tin .32(1] 
Ti n 77 (35) 


4401 






52 


1: 


37 


1 


Sen 0.38 (20) 
N't i 55 30 III 


4403 


.59 


1: 


2.76 


1 


.33 


2 




4404 






86 


1 


5.18 


2 


Fe i 75 (8R) II 


4407 










89 


1 


Ti ii 67 (1) 


4409 






68 


1- 


08 


1 


Ti n 25 (tr) 


4411 






47 


1: 


15 


1 


Tin .54 (tr) 
TV n 08 (15) 
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/ 


Vrul 


T 


Eri 


*i 


ler 


Identification 


4414 






.07 


1: 


.03 


1: 




4415 










.08 


1-2 


Fe n .13 (8R) II 


4416. 






.86 


1 


.86 


2 


.Sen .56 (20) 
Feu .81 (4) 


4417 


31 


1 






.95 


1 


Ti n 72 (40) 


4418 






.99 


1 






Tin 8. 34 (1) 


4420 


.77 


1 






.67 


1: 




4422 






26 


1: 


66 


1 


Y n . 59 (40) 


4425 










11 


1 




4428 










.00 


1: 


Mg n . 00 (7) 


4431 






40 


1 








4434 


01 


1 






3 81 


1 


My n 3 99 (8) 


4434 






61 


1 








4436 










.76 


1: 


M g n . 48 (5) 


4442 . . 






.09 


1: 


1 . 73 


I: 


Ti n 1 . 73 (pred) 


4442 










.94 


1: 


Zr n 99 (25) 


4443 


.75 


l:n 


4.18 


l-2n 


.95 


2n 


Tin .80 (50) 


4446 . . 






.39 


1 






Tin 4.56 (1) 


4447 






.84 


1 


,73 


1 


Fei .73 (5) III 


4449 






13 


1 








4450 . 






.77 


1: 


.62 


1 


Tin .49 (10) 


4452 


15 


1 


1 64 


1 


10 


1 




4455 






.06 


1 


4.91 


1 


Zr n 4.80 (10) 


4455 










81 


1 




4456 






.77 


1 








4458 










.80 


1 


Nil 9.05 20 III 


4461 






.77 


1-2 


2.05 


1 


Fei9.13 (5) III 
Mn i 2. 03 20 III 


4462 


.61 


1 
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\ 


a A 


nd 


rJ 


Sri 


>* 


ler 


Identification 


4464 










.66 


1: 


Tin .46 (1) 


4466 










.94 


1: 


Fe i .56 (5) II 


4468 . ... 


.39 


1 


.33 


1 


.43 


2-3 


Tin .49(50) 


4471 


78 


2 


.63 


1-2 


.45 


2 


Tin 9.15 (tr) 
He i .48 (6) 


4473 






.25 


1 






He i .69 (1) 
Fen 2.91 (*) 


4475 


54 


1 












4478 


97 


1-2 






9.66 


1 


Mnu .74 (1) 


4481 


33 


5 


.28 


5 


.22 


8 


Mg 11 I'^l (100) 


4483 






.87 


I. 


.07 


1 


8 n .42 (6) 


4487. 










24 


1 


ti v ,.,; 


4488 










.28 


12 


Tin .32 (15) 


4489 






23 


1 


87 


1 


Feu .21 (4) 


4491 






34 


1 


.39 


1 


Fen .41 (4) 


4493 






.68 


1 


.10 


1 


Tin .54 [1] 


4494 










.70 


In 


Zrn .41 (8) 


4496 










.92 


1 


Fei .57 (5) III 
Zrn .97 (15) 


4497. 










82 


1 




4499 










.73 


1 




4501 






45 


1 


.31 


3 


Ti ii 27 (40) 


4503 






15 


1 


.77 


1 




4504 






88 


1 


5.47 


1 




4508 


78 


1- 


22 


1-2 


32 


2 


Fe ii 29 (8) 


4509 






86 


1: 


69 


1 




4511 






96 


1-2 


2.34 


1 




4513 










.29 


1 




4514 






49 


1- 


11 


1: 




4515 


28 


1 


43 


2 


58 


1 


Fe ii 34 (6) 
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X 


a 


And 


" 


Eri 


* 


Her 


Identification 


4518 










.24 


1 




4519 . 


.72 


1-2 


0.15 


2 


0.74 


2 


Fen 0.24 (6) 


4522 


.78 


1 


.90 


2 


.68 


3-4 


Fen .64 (6) 


4525 . . 


.63 


1 






.76 


In 




4526. 






.68 


1 








4528 . 






.54 


1-2 






Fe i 62 (7) II 


4529 . . 






.49 


1-2 


.40 


1: 


Tin .51 (1) 


4530 . 


19 


1: 












4534 
4539.... . 


.24 


In? 


.11 


1 


.13 

.47 


3 
1 


TV ii 3. 97 (30) 
Fen .18 (*) 
Mgii .26(4) 


4541 






41 


1 


76 


1 


Fe n .33 (1) 


4544 .... 






.02 


1: 


.39 


1 


Fen .53 (*) 
Ti ii . 03 (tr) 


4547 










11 


1 


Cm .69 (pred) 


4549 


.50 


3 


.45 


3 


.63 


6 


Feii .48 (4) 


4551 






14 


1 






Tin .62 (60) 


4552 






78 


1 


42 


1 


Ti n 25 (pred) 


4554 










28 


2 


Su .37 (5) 
Sim .61 (9) 

Zr ii 3 96 (12) 


4555 


.61 


1 


4.70 


1-2 


.27 


2-3n 


Ban .04 1000R 
Cm .00 (2) 








87 


2 






Fe n 90 (6) 


4556 










.45 


2 




4557. 










.71 


1 




4558 


61 


1 


84 


2-3 


67 


4-5 


Cr n 66 (20) 


4560 . . . 










20 


1 


Cm .78 (pred) 


4561 










.51 


1 




4564 . 






05 


1 


3 59 


2-3 


Ti n 3 76 (30) 
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X 


a .' 


tad 


T 


Eri 


v) 


ier 


Identification 


4565 






.70 


1 


.86 


1-2 


Cr n . 78 (2) 


4568 






.06 


1: 


7.89 


1: 


Sim 7.83 (7) 


4570 






11 


1: 


9.56 


1 


Tiii .31 [I] 


4571 










()7 


1 


Mgi .11 5 IA 


4571 . ... 






.82 


1: 


2.00 


2-3 


CYn .30 (pred) 
Tin .97 (50) 


4574 . . 










.43 


1 


Sim .75 (4) 


4576 . . 






.37 


1 


.33 


2 


Fen .31 (4) 


4578 










69 


1 




4579 






66 


1-2 








4580 










60 


1 


Tin .1? [1] 


4582 . . 






.85 


1 


42 


12 


Fen .43 (*) 


4583 . 


.68 


1 


.74 


2-3 


4 02 


2-3n 


Fe u 4 84 (8) 


4586 










.86 


2 




4588 


.26 


2 


36 


1-2 


.24 


2 


Cr n 21 (20) 


4590 . : : 










.21 


2 


Cr n 9.94 (1) 


4592 










.22 


3 


TV n 9. 96 (2) 
CY n .06 (2) 


4593 










87 


1 




4596 






.19 


1 


.04 


1 


Fe n 5.69 (*) 


4597 










66 


1 




4598 . . . 






56 


1 








4599 










43 


I 




4601 


.95 


2 


.34 


1 


38 


In 


Fe n 38 (*) 


4603 










91 


1 


Nil .49 (8) 


4605 






44 


1 


37 


1-2 




4607 






87 


1: 


90 


1 




4609. 










.75 


2 




4611. . 






36 


1- 


79 


1 





















213 



82 



A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE IV Continued 



X 


a . 


Vnd 


r* 


Eri 


*] 


Her 


Identification 


4613. . . 










.56 


2 




4614 










.74 


2: 




4616. 






47 


1 


42 


2-3 


Cr ii 67 (3) 


4618 






73 


2 


.77 


2-3 


Cm .82 (10) 


4620 . 






.13 


1 


.82 


1-2 


Fen .52 (*) 


4621. 






48 


3 








4622 










50 


2 




4624 






.11 


1: 


.86 


1 




4627 


47 


2 












4629 






02 


In 


36 


3 


Fe ii 33 (4) 


4631 






.59 


1: 


.77 


2 




4634 . 






29 


1 


3 95 


3 


Cr ii 09 (10) 


4638 


.00 


3 


7.87 


1-2 








4640 . 






11 


1 








4642 






13 


1 








4646 






.92 


1 








4648 .... 






91 


1: 








4656 






.95 


12 






Fen 7. 01 


4663 






18 


1 








4665 ... . 






.89 


1 


* 






4670 






.16 


1 






Sen .40 (10) 


4673 







.20 


l-2n 
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Table V includes the additional peculiar stars 6 Aurigae (AOp), a 2 Canum Venaticorum (AOp), 
and Coronae Borealis (FOp). The first of these stars has a variable spectrum which has not been 
investigated as yet. The last two are especially remarkable for the strength of the lines of singly 
ionized europium. A number of investigations of the spectrum of a 2 Canum Venaticorum have been 
made, but it is still one of the most promising objects for further study. In spite of the fact that the 
effective excitation is quite high (Fe i is only doubtfully present), the spectrum is crowded with 
lines which vary in intensity. The wave-lengths in this spectrum were measured at a phase when 
the lines of Eu n had their maximum intensity. The spectrum is too complex for a dispersion of one 
prism and the present identifications are very incomplete. The rare earths Dy n, Gd u, and Eu u 
are quite strong. Kiess, 9 from a study of plates of higher dispersion, identified a number of strong 
variable stellar lines with Tb n. This identification could not be verified on Yerkes plates. The star 
is not included in the summary of the behavior of the elements in Table VI because of the un- 
satisfactory state of the identifications. A detailed high-dispersion study of a 2 Canum Venaticorum 
and v Sagittarii could not fail to bring to light new peculiarities and might well result in the identifica- 
tion of astrophysically unobserved elements. The star 73 Draconis, which has been previously 
investigated, 10 fills the gap between a 2 Canum Venaticorum and Coronae Borealis. The latter 
star shares with 7 Equulei the peculiarity of having abnormal relative intensities for the lines of 
Fei. The spectra of both stars are too complex for adequate discussion from one-prism plates 
and |S Coronae Borealis is included here only to show the transition between the A- alld F-type 
peculiar stars, 

9 Pubs. University of Michigan Obs., 3, 108, 1919. 
Ap. J., 77, 77, 1933. 
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TABLE V 
WAVE-LENGTHS AND IDENTIFICATIONS IN PECULIAR STARS Coiitinued 



\ 


e Aur 


a* C Vn 


0OB 


Identification 


3913 






.42 

.12 
.37 
.64 
.40 
.34 
.29 

1.76 
.26 


3 
2n 
2n 
3 
3n 
2 
2n 

3n 
4n 






Tin .46 (60) 
Fn .33 (20) 


3914 


.54 


1 






3915. 






3916 


.77 


1: 






Gdu .58300 
Cn .98 (6) 
Cr i . 16 35n II 

Fei .26 (6R) I 
Cn .68 (8) 
Cri 1.02 (20) I 


3918 






3919 ... 


.46 
.68 

.41 


In 
1 

1 






3920 






3922 






3923 






Fei 2. 92 (6R) I 


3924 


.50 


1 






3925 


.07 


2n 








3925 


.96 
.04 
.19 
.09 

.84 
.67 


1-2 
1: 
1 
1 

1-2 
3 








3927 


7.79 
.48 










3928 . 


3n 

8 






Fci7.93 (6R) I 

Fei .30 (7R) I 
En n .50300R 
KII .67 (15) 


3930 






3930 . 






3933 


.61 
.89 
.92 

.87 
8.06 
.87 
.30 


6 
2 
3 
2 
5 
5 
1 







Can .67 (10) 


3934 . 






3935 


.97 


1 






Fei .82 (4) HI 


3936 






3937 


.96 
.81 


1 
1 






M0I8.43 (3r) 


3938 






3940 






Fei .89 (4)11? 

Fei .29 (2) 
Cn .4920 


3941 . 


.46 


1 






3942 


.17 
.68 
.76 


1 
1 
In 






3942 
3943 










Fei .45 (3) IV 

Mnn .81 (1) 
Al i 4. 03 (10R) 


.87 


1 
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TABLE V Continued 



X 


6 Aur 


a" C Vn 


ft Cr B 


Identification 


3945 


.23 
.96 
.29 


1 
1: 
1 


4.81 
.91 
02 

.58 
.37 


4n 
2 
In 

2 

4 






Dyn .69600 
17.33 (10) 

Oi7.51 (7) 
Oi7.61 (4) 


3946 






3948 






3948 






3950 






.*' 




Fn .35 (200) 



3950 , 


.86 
.62 
.50 


1 
1 
1-2 






3952 


.40 
.41 
.39 

.62 

.87 

.52 
.72 
.66 
.25 


In 
3n 
1 
In 
4n 

3 
2 
1 

2n 






V u 1.97 (40) 


3954 






3955 








3956 


.99 


1: 






Fei .68 (6) III 

Gdn .69 150 
Zrn8.23 (50) 


3957 






3959 . . . 










3960 


.90 


1 


< 






3961 






All .54 (10R) 
Cri .693011 


3963 










3964 


.13 


In 






3966 


.22 
.37 

.02 


In 
6 

30 








3968 


.45 

.00 
.31 


2: 

40 
1 






Dyn .39 1000 
Can .46 (10) 

#.08(6) 
Feu .17 (*). 


3970 






3974 






3974 


.93 


1 






3976 


.60 


1 






Cri .672511 


3977 


.35 
.46 
.39 


1 
3 
3 






3978 










Dyn .56 150 
Cm .21 (pred) 


3979 










3980 


.03 


2 






3980. 


.71 
02 


1 
3 








3982 


.13 


1 






Tin ,00 (tr) 
Fn .59 (150) 
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TABLE VContinued 



X 


B Aur 


a' C Vn 


0Cr B 


Identification 


3984 


.38 


1 


.00 
.97 


5 

In 






DV n3.66 100 
Oi3.91 20 II 


3985 






3986 


.49 


1 








3987 


.46 
.57 


In 

2nn 








3989 










Zru .14 (40) 


3990 


.3* 
.71 


1: 
In 


3991 




3992 


.28 
3.88 
.57 
.90 
.98 
.51 

.28 
2.94 
.35 








3994 


.46 


1 


In 
I 
In 
2 
2 

2 
2 

2n 








3996 






Dyu .69200 
S/iiS.OO (In) 
Zru .97 (30) 

Mnu .06 (1) 
Dy ii . 45 600 


3997 


.86 


In 






3998 






4000 


.21 

.16 
.03 
.27 


1: 

1: 
3n 
1 






4002 






4003 






V n 2. 95 (10) 

Fei .25 (7) II 
Vu .71 (60) 

Fei .16(*) 
Fei .31 (2) IV 

Fei .27 (3) IV 
Fei 7. 61 (O-l) 

Fei .85[O 2] 
Fei .88 (O 2) 
Tii .923511 

Til .65 15 II 

Fei .71 (5) III 

On .59 (3) 
Fei .77[Q2] 
Fei .95(1) 

Fei .42(1) 
Fei .72 (O 2) 

Tin .37(4) 


4005 


.02 

.46 


6 
1-2 


4006 


4007 






.01 

7.98 


In 
1 


4008 


.03 


1 


.57 

.98 

.69 
.71 

.65 
.40 


1 
2 

1 
1-2 

1: 
3 


4008 


4009 






.05 


In 


4010 






4011 










4012 


,82 


3 


.39 


7 
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TABLE V Continued 



X 


9* 


uir 


aC 


Vn 


0C 


r B 


Identification 


4013. 










.73 


1-2 


Til .58 12nIII 


4014 






42 


2n 


.59 


1-2 


Fei .64 (1) 
Fei .80 (2) V 

Fei .54 (4) III 


4015 






68 


1 


.81 


1-2 


Niu .50 (1) 


4016 . . . 


96 


1: 


.36 


In 






(i)? .61 (3-3) 


4017 










.54 


1-2 


Fei .10 (1) 


4018 


.22 


1-2 


.19 


1 


.13 


2 


Fe i . 15 (3) III 
Fei .11 (2) 


4019. ... 






.50 


2n 


. 23 


1 


Mm .11 201 

Fe i . 28 (2) 
Zru .39 (10) 


4020 






86 


2 


. 30 


1 


V' 1 ' 

Fei .49 (1) 


4022 






.13 


3n 


.02 


1 


Fei 1.87 (5) III 


4022 


.63 


1 






.41 


1 


Fei .73 (O 2) 


4023 










67 


1 


V ii 38 (50) 


4024 


.64 


1 | 






f .78 


3 


Zru .44 (12) 


4025 




i 


.76 


3nn 






Til .563511 
Fei .75 (2) V 
TV ii 5. 13 (2) 


4026 


.32 


1:1 






1 40 


1 


//<? i 19 (5) 


4028 


.69 


1 


.14 


4ri 


32 


2 


He i .36 (1) 
Fei .44 (1) 

Ti ii 33 (7) 


4029 






77 


2n 


72 


1-2 


Fe i 64 (2) V 


4030 


.72 


2 






68 


4 


Zr ii . 68 (20) 
Cr ii 37 (pred) 


4031 ... . 






43 


1 


56 


1 


Fei .51 (3) IV 
Mn i . 76 200 I 

Fei 24(1) 


4033 . 


.16 


12 


2 77 


2 


01 


3-4 


Mm .80(4) 
Fei .97(2) V 

Fei 2 64 (1) III 


4033 






95 


3n 


4 64 


1 


Mm .071501 
Mn i 4 . 49 100 I 
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\ 


9 Aur 


a'C Vn 


ft Ct B 


Identification 


4035 






.09 
.16 

.30 
7.94 
59 


1 
3 
2 

2 
1 








4036 


.17 


1: 


5.81 
.59 


2 
1 


Mni5.73 151 

Gdn .34 200 
Fei .73 (1) 

Gdn 7.90 125 
Cm .04 (2) 

Fei 8. 82 (1) 
Fei .10 (O 2) 
Fei .65 (1) V 

Fei .29 (1) 
Mm .3750r I 


4037 


4038 
4039 


.26 


1-2 


.11 
.07 
.89 
.61 

.82 


1: 
1: 
1 
1 

1 


4040 






4040 






.60 


? 


4041 
4042 


.49 


1 


.27 

.08 
3.68 


1 
In 
1 


4043 








4044 . 


.01 


1 


3.92 

.79 

.81 


2 

1 
6 


Fei 3. 90 (2) IV 
Fei 3. 99 (O 2) 

Fei .62 (2) IV 

(7/o ii .43(200]) 
Fei .82 (8) II 


4044 


4045 . . 


.86 


1 


.40 

.58 


3 
4 


4046 


4047 . . . 






.06 

.98 


1 
1 


Fei .32 (1) 


4047 










4048 






.51 


5n 


Zrn .67(25) 
Mm .76 151 

Fei .34 (1) 

Gdu .44 150 
Gdn .90200 

Zrn .33 (15) 
Dyii .58 150 

Vi .04 (pred) 

Fei .93 (2) 
Cm 2. 00 (1) 
Fei 2. 31 (1) 

Fei .27 (1) 
Gdu .31 100 

Cm .45 (pred) 


4049 


.27 


2 


.05 
.91 


2~3n 
1 


4049 


.65 
.55 


2 
3 


4050 


.80 


1: 


4051 . 


.16 
.96 

.50 


1: 

2n 

1-2 


4051 


.96 


1 






4053 . 


.33 


2 
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TABLE V Continued 



X 


Aur 


a* C Vn 


ft Cr H 


Identification 


4054 


.06 


1-2 


3.85 
.19 


3 
3 


.03 
.02 

.18 
.34 
.67 


2 
2 

2 
1 
1: 


'toi3.83 
Ti ii 3. 81 (3) 
Crn .09 (prod) 
Fei .19 (0 2) 

to i 4. 83 (1) 
to i 4. 88 (1) V 
Fei .05 (1) V 
Mm .55201 

Tin .20[1] 
to i .34 O I 

to i .36(1) V 
Mgi .51 (5r) 

Fei .77 (1) IV 


4055 


4056 


.12 
.37 


1 
1 


4057 


.32 

.33 

.68 


3 

1 
2n 


4058 


4059 . . 






4060 






.52 
.80 
.67 
.56 

4.74 

.98 

.01 
.04 
.97 
.97 

.77 
.62 

.77 


1 
1 
1 
3 

1 

2 

1-2 
1 
1 
1-2 

1 
1-2 

1 


!>' 


4061 


.54 


1 


.58 
.47 
.43 

.01 

.58 
.45 


3 
2 
4 

2 

In 

2n 


Fe i .96 (1) 
Fei .45(4) III 

Fe i .30 (2) 
Cdii .45 150 
to i .60 (8) II 
Crn 4.05 (pred) 

Fei 4, 46 (O 3) 
Feu. 4. 77 (*) 
Vn .09 (6r) 
Til .0915111 

to i .98 (4) III 
Mil 7. 04 (3) 

Fei 7. 99 (5) III 


4062 . . 


4063 


.80 


1-2 


4065 


4066 . 


.54 
.50 


1 
1: 


4068 


4069 


4069 










to i 0.05 (1) 

Fei .78 (2) III 
Crn .99 (2) 

Fei .75 (7)11 

Fei .52 (1) 
Cm .63 (pred) 

Dyn .11 200 
Fei .774nIV 

Gd n . 78 200 


4070 


.96 


1 


.18 


5nn 


4071 . . . 


4072 


.46 


1 






4073 . . 


.32 


4-5n 
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X 


B . 


\ur 


a'C 


' Vn 


0C 


r B 


Identification 


4074 










.84 


1 


Fei .79 (3) IV 


4075 . . . 


.50 


1 


.48 


4n 


.89 


1-2 


Sin .45 (2) 


4076 






66 


2 


.82 


1-2 


On .66 (pred) 
Fei .94 (1) 

Fei .64 (5) IV 


4077 


.36 


2-~3n 


.72 


5 


.68 


2 3 


Sin .78 (1) 
Fei .81 (1) 
On .87 (pred) 

On .58 (pred) 


4078 . 










.48 


1 


Srn .71 400r 
Dyu .97600 

Fei .36 (3) IV 


4079 










.36 


1 


Fei .25 (2) IV 


4080 


.06 


1: 


.11 


In 


.48 


1 


Mm .25 12 I 
Mm .43 101 

Fei .23 (2) IV 


4081 


.71 


1 


.38 


1 


.35 


1 


Fei .88 (1) 
Fei .26 (O 1) 


4082 . . 






.23 


1 


.34 


1-2 


Fei .12 (1) 


4083 


.62 


1 


.36 


1 


.60 


1-2 


Fei .44[Q 5] 
Fei .55 (1) 


4084 . 






.50 


1 


.70 


1 


Mm .64 121 

Fei .78(1) 

Fei .51 (4) IV 


4085 
4086 


.57 


1 


.65 


3 


.53 

.42 


2 
1 


Fei 5. 01 (2) IV 

Fei .31 (3) IV 
Gdu .60200 

O ii . 19 (1) 


4087 . ... 


44 


1 


.27 


3 


.46 


2 


Co i .31 1511 
Fei .10 (1) 


4089 


04 


1 


8.67 


1 


.06 


2-3 


Fen .27 (*) 
On .64 (pred) 

Fei 8. 57 (1) 


4090 










.29 


1 


Fen 8. 73 (*) 
On 8. 85 (pred) 
Fei .22 (1) 

Fei .09 (1) 


4091 






46 


1 






Fei .33 

Zrn .52 (10) 
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TABLE V Continued 



X 


Aur 


a a C Vn 


0OB 


Identification 


4092 










.52 
.44 


1 
1 


Pel .29 (1) 
Co i .40251 
Fei .52 (1) 
Vi .69501 


4094 






.46 


In 


4095 


.30 


1: 




4096 






*, 
.22 

.49 
.15 
.74 


1 
3n 

1 
15 


Fe i 5. 98 (3) IV 
Fei .12 (1) 
Fei .22 (3) 

Cr i . 18 (20n) III 
Fe i . 19 (3) II 
Crn .48 (1) 
Cai .5515111 

Fei 9. 98 
Fei .17 (Q 2) 
Fei .35 '*' 
Fe i .75 (2) II A 

m .74 (7) 
Si i 2. 95 (5) 

MnnS.Ol (2) 
Fi5. 17601 

Fei .27 (1) 
Fei .44 (1) 

Fei .50 (5) III 


4098 


.53 


2: 






4100. . 






4101 


.75 
.26 

.81 

.73 


50 
1 
2 

1: 


.66 


50 


4103 


4104 






.75 
.21 

.55 
.57 
.79 


1 
1 

1 
1 
1 


4106 






4107. . . 






4108 










4109 .... 










Vi .78501 
Fei .81 (4) IV 


4110... . 






.38 
1.56 


2 
2 


4110. 


.95 


2 


.99 

.15 
.01 

.32 
.44 


2 

1: 
1 

1: 
1 


Cri .87 20n III 
Crn 1,04 (2) 
Dyn 1.35 150 
Vi 1.79 100RI 

Fei .35 (1) 

Ti i 2. 72 20 II 

Fei 2. 98 (2) V 
Cm .29 (1) 

Fei .45 (4) IV 
V i .18601 


4112 


4113 


.04 


1 


.15 

.84 


In 
2n 


4114 


4115 


.18 


1: 
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X 


V Aur 


" C Vn 


ft Or B 


Identification 


4116 . 


.68 


1 






.94 


2nn 

1 

1: 
2 

1 

1-2 
1 

1 
2 

3 

1 
5 

1-2 

1 

1 
2n 


Vi .48501 

Fei .87 (1) 

to i 8. 56 (6) IV 
to i 8. 90 (1) 

Co i .336011 
He i .81 (3) 
He i .98 (1) 

Fei 1.81 (2) IV 

Fei .52 (2) IV 
Fen .67 (*) 

Fi .56601 
to i .74 (1) 
to i .76 (1) 

F ii .91 (15) 

to i .63 (1) 
to i .89 (1) 
to i 6. 19 (2) IV 

Fe i 6.86 

Fei .61 (4) V 
Fei .81 (2) V 
#en8.05 (8) 
7 i 8. 08 60 I 

Cri .3720nIII 
Dyu .43 100 
Eun .73500R 

Sin .88 (10) 

Fi .02601 
Fe i .06(7) II 
Mnn .28 (1) 
Gdn .28200 
Cm .45(1) 
Fe i .91 (3) III 

Fei .61 
Fei .87 (2) 
to i 4. 34 (1) 

Fi .50601 
to i .68 (5) 


4117 


.14 
8.99 


4 
4nn 


4119 . . 


.01 


In 


-70, 
0.91 

1.92 

.77 

.64 

.86 

.78 

.04 
.91 

.64 

1.07 
37. 

.90 

.78 

.68 
7.17 


4119 


4121. ....... 






.10 


In 


4122 


.24 


1 2 


4122 


.88 


3n 


4123. . . 






4124 


.56 


1 


.69 


2 


4125 


4127 










4127 


.97 


5 


8.08 

.66 

.89 
.45 

.76 


7 

4 

7 
5 

2 


4129 


4130. . . 


.80 
.47 


5 
1-2 


4132 


4133. .. 


4134 






4135 


.61 
.94 


1 
1 


.'18 
.91 


2 

2n 


4136 


Fei .53 (1) 
Mnn .91 (2) 
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TABLE \~Continwd 



\ 


Aur 


a* C Vrt 


Or 


Identification 


4138 


.58 


1 


.57 


2n 


.37 

.69 
.56 


1 

1: 
1 


Fei 7.98 
Fen .37 (*) 
Fei .86 

Fei .93 (1) IIA 

Mnn .16 (1) 
Fei .40 (1) 

Fei .86 (1) 


4139 


4140 
4141 


.19 
.91 


1 
1: 


.93 


2n 


4142 






.29 
.71 

4.99 
6.14 

.46 
.34 

.98 

.90 
.05 

.75 
.70 

.57 
.60 

.74 
.97 
.36 


2n 
3 

1 
3 

2 
12 

1 

1: 
3 

2 
2 

1: 
3 

1 
3 
1 


4143 . 


.41 


1 


.08 

.08 
6.10 

.04 


3n 

3 
1 

2 


Dy n . 10 300 
Fei .42 (5) III 
Fei .51 

He i . 77 (2) 
Fei .87 (7) I 

[Fei 4. 63 (1)] 

v- 

Cr n .81 (3) 
Fei 6. 07 (2) 

Fei .67 (4) III 

Zru .21 (75) 
Fei .37 (2) V 

Fei .77 (02) 
Fei 0.28 (2) 

Zru .98 (10) 

La n 1.95 (250) 
Fell. 96(1) 
Fei .18 (2) IIA 

Cri .8220111 

Fei .92 (4) IV 

Cr ii . 29 (pred) 
Fei .50 (4) III 

Fei .82 (4) IV 


4145. .. . 


4145 


.83 


2 


4147 


4149. ... 


.48 


1 


4149 


4150 


.49 


1 






4152 


.32 

.74 
.81 


12 

12 
1: 


4153 
4154 


.88 


1 


4155. 






4156 


.32 

.58 


1 
1: 


.09 
8.13 


2n 
In 


Zru .24 (15) 
Fei .46 (1) 
Fei .67 (1) 
Fei .81 (4) III 

Fei .81 (3) IV 
Fei .80 (2) V 
Fei .56 (1) 


4157 


4158. ; :: 


4160 






.60 


3 
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X 


6 Aur 


a C Vri 


ft Cr B 


Identification 


4161. ... 


.34 


1-2 


.50 


3 


.52 

.17 
.71 

.59 
.40 

.86 

.90 
.96 

.90 

.76 
.51 

.35 

.69 
.69 

.78 

9.22 

.85 
1.94 


3-4 

1 
2 

2-3 

2n 

1: 

2-3 
3 

3 

2 
2-3 

1 
1 
2 
3 

4 

1 
3-4 


Fei .08 (1) 
Zru .21 (20) 
Fei .49 (1) 
Tin .52 (1) 
Srn .81 30 


4163 


4163 
4165 


.92 

.78 
.23 


1 

1: 
1 


.64 


1-2 


Cri .6320111 
Tin .65 (40) 
Fei .68 (1) 

Fei .42(1) 

Mgi .27 lOn III? 

Fei .86 (2) 
Fei .96 (1) 

Fei .63 (1) 
Fei .95 (1) 

Fei .78 (1) 

Cm .65 (prcd) 
Fei .91 (2) IV 

Fei .70 (2) 
Fei .90 (2) 
Tin .91 (30) 
Cm .92 (pred) 

Fei .64 (1) 
Fei .75(2) IIA 

Fei .32 (2) IV 

Fen .48 (6) 
Tin .54 (1) 


4167. .. 


6.90 


3n 


4168. . 


4169 






.50 

.72 

.86 


2 
3 

3 


4170 


.61 


1 


4171 


4172 


,11 
.64 


1 
1 


4173. . . 


.63 


3~4n 


4174 


4175 


.80 


1 


.47 
.71 
.68 

9.20 

.87 
.19 

.25 


2-3n 
1 
4 

3n 

1-2 
2 

1 


Fei .64 (4) III 
Fei .57(2) IV 

Kn .54 (125) 
Fei .60 (2) IIA 

Fen .87 (6) 
Cm 9. 41 (2) 


4176 


4177 . . . 


.59 
.93 


1 
2 


4178 . 


4180 


4182. 


.08 


1 


toil. 76 (8) III 
Fei .39 (2) IV 

Vn .43 (35) 


4183 .... 
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TABLE V -Continued 



X 


e Aur 


a* C Vn 


tCrD 


Identification 


4184 


.40 


1 


.37 


3 


.05 

.28 
.00 
J67 

.82 
.19 

.41 

.43 

.28 

.23 
.31 

.21 

.03 
.96 

.01 

.65 

.85 

5.06 
7.10 


3-4 

1 
3 
3 

2 

1 

4 

2 
3 

1 
4-5ri 

1 

1 
1 

1 

1 
1 

5 
2 


ii .00 (4) 
Gdn .25300 
Tin .33 (0) 

to i 4. 90 (4) III 
to i .05 (6) III 

Fei .59(02) 
Fei .81 (6) III 

(ii)? .74 (4) 

Tin .29 [I] 
Sin .74 (3) 

Gdn .06200 
Fei .45 (6) III 

Fei .68(2) 

w 


4185. 


4187 


.35 


2n 


.15 


23n 


4187 


4188 






.80 
9.71 

.24 

.72 
.51 


1-2 
1 

3n 

2n 

2n 


4190. 


.60 


l-2ri 


4191 


4193 






4195 
4196 


.42 


2 


to i .34 (3) IV 
to i .62 (2) 

Fei .22 (2) IV 

Si ii . 17 (2) 
Fe i. 27(1) 
Fei .31 (6) III 
Fei .65(2) V 

Fe i . 10 (6) III 

F n. 28 (5) 

to i 9. 99 1 IIA 

Mnii .25 (2) 
to i .92(1) V 

to i .03 (7) 
FII .35 (35) 

to i .76(1) 

to i .57 (1) 
Fei .95 (1) 
FII .4. 20 (8) 

FII .69 (10) 
Gdn .84 100 
Eun 5.05500 
V ii 5. 09 (30) 

Mnn .43 (2) 
to i .70 (2) I A 
to i 7. 13 (2) IV 
Cm 7. 34 (pred) 


4198 
4199 


.27 


1-2 


.16 


3n 


4200 










4200 


.68 


2 


.61 


20 
o 


4202 


4202 


.56 


1 


.61 

.68 

.98 

7.78 


1-2 
1: 

9 
3-4 


4203 


4204. 


.97 
.79 


1 
1 


4206 . 
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TABLE V-~C0niinued 



X 


e Aur 


a* C Vn 


ft Cr B 


Identification 


4208 . . . 










.54 

.57 
.19 
.73 

.48 
.53 

.42 

.24 
.53 
. 55 
.27 
.23 

.51 

".64 
.30 
.64 

.16 
.29 


2 

1-2 
1-2 
1-2 

1 
6 

3 

2-3n 
2 3n 
1 
2 
3 

2 

2 
3 
3 

1 
4 


Fei .61 (2) V 
Zrn .98 (30) 

Vn .80 (12) 
Fei .36 (6) III 

Zrn .88 (12) 
CM ii 2. 01 200 

Fei .42 (2) IV 
Fei .65 (2) IV 

Gd n4.97 150 
Fei .42 (2) IV 
,8V ii .52300r 

Cr n . 78 (pred) 

CVn .09 (pred) 
CM ii .15 100 
Fei .56 (2) IV 
Cri .63 15 III 

Fei .36 (5) IV 
Fei .35 (2) IV 


4209 


.74 


In 






4210 






4211. . 






.80 
.49 
.34 

.31 

.45 
.90 


2 
3 

4 

2n 

1 
1: 


4213 


.06 

.28 

.25 
.45 


1 
2 

1 
1 


4215 
4217 


4219 


4220 . ... 


4221 


.55 


1 


4222 


.86 

.74 


2n 
2n 


Fei .23 (5) III 

Fei .17 (3) IV 

Cm .85 (2) 

Fn .21 (20) 
Fei .46 (4) IV 

Fei 6. 43 (2) IV 
Ca i 6. 73 500 I 

Fei .45 (7) III 

Fei .52 (1) 
Fei .75 (1) III 
CVn .82 (pred) 


4224 
4225 


.48 


1 


4227 . 


.12 


1 


.19 


3 


4227 


4229 


.67 


1 


.57 


2-3 


4232 


4233 . 


.16 


4 


.15 

.47 
6.45 


4 

2-3 
1 


Fe n . 16 (8) 
Cm .25 (1) 
Fei .61 (6) III 


4235 


4235 


.81 


2 


6.04 
.96 


3 
1 


FII .73 (20) 
Fei .95 (8) III 

Fei 8. 04 (1) IV 


4237 
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TABLE VCtmt.inued 



X 


e Aur 


a C Vn 


ft Or B 


Identification 


4238 


.73 


2 


.36 


3n 


.86 

.88 


2 
2 


La u .38400 
Fei .83 (4) IV 

Mn i . 73 5 II 
Fei .85 (2) III 


4239 


4240 


.57 
.27 


1: 
1 


.33 
.13 

.48^ 


In 
2 

V 


4242 


.48 
.63 


3-4 
1 


On .35 (5) 
Mnu .37 (2) 
Fei .59 (1) 
Fei .73 (2) 

O (I)? .45 (3) 
Fei .79 (1) 

Mnu .24 (1) 

Fei .26 (2) III 

F6i.88j(lj 

Fei .09 (2) V 
/Sen .83 (100) 

Fei .44 (5) III 

Fei 8. 22 (2) IV 
Fei 8. 42 

Fe i . 13 (7) III 
Fei .79 (8) II 
Gdu .76300 

On .66 (1) 
M nn 3. 02 (2) 

Gdu .36 150 
Gdu .62 150 

Oi .3450011 

Fei .85 (1) 
Fei 6. 21 (2) 

Zrn .05 (12) 
Fen .14(*) 
Fei .39 (1) IA 
Fei .61 (1) 
Fei .95 (1) 

Mnii .26 (2) 

Fei 9. 99 (2) 
Fe i . 14 (2) 
Fei .49 (10) III 


4243 


4244 
4245 


.17 

.83 


1 
1 


.30 

.29] 


2nn 
r 


.49 
.34 

.26] 
8.31 

.10 

.82 
.78 
.54 

.52 

.48 
6.08 

.44 




4246 


3nn 


4247 


.43 


1 


4249 


.02 
.33 


2nn 
1-2 


1 

3 

3-4 
1 
1 

1: 

3-4 
2 

3-4 


4250 . 


.18 


1 


4250 


4251 . . . 






.82 
3.07 


23 
2n 


4252 


.88 


2 


4253 


4254 


.38 
.74 

.44 


1 
1 

l~2n 


.61 
6.02 

7.97 

.29 
57 


1-2 

4 

23 

2 
1 


4255 


4258 


4259 . , 


4260 . . . 






.36 


4 
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TABLE \~~Continued 



A 


Aur 


o* C Vn 


0OB 


Identification 


4261 ...... 


.90 
.67 


2 

1 


.69 


2-3 


.94 

,3j 

.35J 

.46 


3 

2-3n 
1 


Cm .81 (pred) 
Cm .91 (2) 
6 y (iII2.09250 


4263 


4264 


.30 


2n 


Cr ii . 18 (pred) 
Fei .21 (2) 

Fei .26 (2) 


4265 






4266. 


.11 


1 






4267 


.07 

.10 
.55 


3 

2 
5 


.29 
.09 


l-2n 
3-4 


Fei 6. 97 (2) IV 
Cn .02 (8) 
Cn .27 (10) 
Fei .83 (2) IV 

Fei 8. 75 (2) IV 
Cm .30 (1) 


4269 


.14 


2 


4270 


4271 


.39 


1 


.15 
.79 
.35 

.81 
.56 
.06 

.57 
.57 

.19 
.36 

.47 

8.03 


2 
2-3 
2-3 
2-3 
2 
3 

3 
2 

2 
1 
1 

1-2 


Fe i . 17 (7) III 
Fe i . 76 (8) II 
Fen .31 (1) 
Cri .8040011 
Cm .56 (1) 

Feu .13 (1) 
Fei .23 (1) 

Cm .34 (pred) 
(Mil .50200 

Zm .20 (6) 
Fei .41 (6) III 
Mnn .50 (3) 

Cm .24 (2) 
Fei .45 (2) IV 

Til .012511 

Fei .44(1) 
Zru .51 (5) 
Fei .68 (1) 
Fei .89 (1) 
Fei .98(1) 

Tin .89 (2) 


4271 


.97 

.40 


2 
3 


4273 


.46 


1: 


4274 


4275 


.23 
.23 

.58 
.29 

.40 


2n 
1 

1 
1 

2 


.28 
.02 

.25 

.08 

.14 


2~3n 
2-3n 

3-4 
1 

2-3 


4278 


4280. .. . 


4282 


4284 


4285 


4286 






.36 
.97 


2-3 

4 


4287 


.86 


1: 





230 



THE SPECTRA OP THIRTEEN TYPE STARS 



99 



TABLE V Continued 



X 


B Aur 


a'C Vn 


0CrB 


Identification 


4290 


.00 
.25 


1-2 
1 


.08 

1.89 

.81 
.02 

.01 
.60 


5n 
2 

3 

In 

1-2 
5n 


9.96 
.17 


7 
l-2n 


Oi9.73 (350) II 
Tin .22 (50) 

Fe i . 13 (pred) 
Afnn .28 (2) 
Fei .29(1) 


4292 


4292 


4294 


.44 


1: 


.10 


2 


Ti n . 10 (40) 
Fei .13 (6) II 


4295 


4296 . . . 


.38 


1 


.40 

.06 
.35 
.02 

2.14 

.04 
.71 
.49 

.65 
7.94 

.41 


4n 

1 
3 
3 

3 

3 
1 
3 

1 
3 

2-3 


Gdn .04 150 
Fen .56 (6) 

Fei .04 (2) IV 
Fei .25 (7) III 

Tin .05 (60) 
Mnn .21 (1) 

Tin .93 (15) 
Fei 2. 19 (2) 
Cai2.53 60r I 

Fen .18 (4) 
Fei .55 (1) 

Fei .46 (2) IV 
Srn .4640 
Til .91 60 II 


4298 


4299 










4300 .... 


.01 


1 


.20 

.78 

.30 


4 
3-4 

4 


4301 


4303 


.37 


2 


4304 . . . 


4305 


.38 


1: 


.27 


1-2 


4306 . . 


4308 


.33 


1 






Cai 7.74451 
Ti n 7. 86 (40) 
Fei 7. 91 (8R)II 

Dy H8.62 1.00 

Fei .04 (2) 
Fei .38 (2) IV 
Fu .62 (50) 


4309 


.02 

.97 
.15 
.90 


2n 

1: 
1: 
2-3 


4309 .... 






4311. . 






0.75 
.81 
.25 
5.91 


1 

3 
3 
3 


Fei 0.78 (1) 
Tin .87 (35) 


4312 


.67 
.71 


1 
1 


4314. ...... 


4314 


.05 


2-3 


Tin .98 (40) 
Fei 5. 09 (5) III 
Sen 5. 09 (30) 
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TABLE \-~Cmtinued 



K 


9 Aur 


a* C Vn 


Or B 


Identification 


4316 










.04 

6.95 

.52 
.49 

.98 

2.83 
.12 
5.74 

.94 

.09 
.26 
.47 


1 
1 

1 
1 
4 

1: 
In 
2 3 

2 

1 
1: 
4 




4317 






.31 


1-2 


Tin 6. 81 (1) 
Zm .32 (12) 

Cai .6545 II 
Fei .46 (pred) 

Sen .73 (20) 
Tin .97 (1) 

La ii 2. 51 (100) 
8cii .00 (20) 

Fe 15.77 (9) II 
Mnii .71 (3) 

Fei .76 (2) 
Fei 7.10 (2) V 


4318 






4319 


.66 


In 


.29 

.82 

.06 


1 
23 

In: 


4320 


4323 . 


.30 


1: 


4325 


4326 


.14 


2 3n 


5.65 


34 


4326 . ... 


4328 










4329 






.25 
.35 


1: 
4 




4330 


.30 
.29 


1 
1 


Tin .26 (0) 
Gdu .58 100 
Tin .71 (0) 

Zru .27 (15) 


4333 . 


4334 






.70 
. 70 

.44 
.37 
.29 

6.01 
7.96 
.71 

.84 


1 2 
3 

20 
1 
3 

1 
1-2 
1: 

2 


4337 


.32 

.48 
.39 
.40 

.71 
.42 
.09 

.67 


1: 

50 
1: 
1 

1 
1 
1: 

l~2n 






Fei .05 (5) II 
Tin .32(11 
Cri .57301 
Tin .92 (50) 

7/7 .47 (8) 


4340 


.54 


40 


4342 


4344 


3.85 


4 


Mnn .03 (1) 
Tin .29 (2) 
(>i .51 401 


4345 


4348 


7.48 


2: 


Mnii .48 (1) 

Tin .86 (1) 
Cri 1.06 (20) I 

Fen .77(6) 
Cri .77 (60) I 
Mgi .94 30 IV 


4350 . . 


4351 


.68 


3-4 
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TABLE V Continued 



X 


e Aur 


a* C Vn 


Or B 


Identification 


4352 










.70 

.41 
.12 
.85 
;52 
,59 

.78 
.34 
.15 
.62 
.86 

7.65 

.60 
.09 
.40] 

.5l[ 

.70J 
7.13 
0*. 48 


1 

In 
2 
1-2 
1 
1 

1-2 
1-2 
2 
1; 
1 

4n 

4 
1 
r 
3nn 

V 

1 
2-3n 


Fei .74 (4) IIIB 
Vi .89501 


4354 


.43 


1 






4355 


.11 


5 


Cn i . 10 25 III 


4356 






4357 


.27 


1 


.24 


1-2 




4358 


Fei .61 (2) IV 
Fn .73 (30) 

Zrn .74 (10) 


4359 


.53 

.28 
.00 


1 
1 
2 


.76 
.47 
.70 


1-2 
34 
4-5 


4361 


4363 . 




4364 


. it' . . . 


4365 


.32 
.20 

.40 


1 
1 

1 


.71 

7.68 

.53 
.95 


In 
5 

3-4 

2n 


Mnu .29 (1) 
Fei .90 (1) 

Fei 7. 58 (2) IV 
Tin 7.67 (15) 
0i .30 (10) 

Feu .40 (*) 
Fei .78 (3) III 

Zr ii 0.95 (8) 

Cn .28 (20) I 

Cn .27 (8) I 
Fei .57 (2) 

8cu .46 (30) 
Fei .50 (1) 
Tin .83 (1) 

Fei .93 (5)1, II 

Fei .78 (1) 

Mnu .74 (1) 
Zru .77 (9) 
Mg i 0.39 (5) 


4368 


4369 


4371 . . 


4373 






4374 . . 


.67 


1: 


.91 


34 


4375 


4376 


.92 
.93 

.37 
.01 


2n 
1 

1 

2n 


7.18 
0.20 


In 
l-2n 


4379 


4382 


4384. 


3.97 
.35 


3 4n 
2 


3.44 
4.90 


3 
2-3 


Fei 3. 55 (10) II 

Af 0n 4, 64 (8) 
V i 4.73 125 II 
Cr i 4. 98 20 I 
Fen .39 (5) 


4385 
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TABLE V Continued 



X 


6 Aur 


a" C Vn 


0Cr B 


Identification 


4386 






.65 


4-5 


.76 

.84 


2 
2 


Tin ,86 (10) 
Fei .90 (2) IV 


4387 


.43 


1 


4388 


.43 


3 


4389 


.98 
.82 


1: 
1 




, 


Fi .9910011 
Mg n 0.59 (10) 

Fe i 0.96 (3) IV 
Tin 0.98 (tr) 
Fei .46(1) 

Ti ii 4. 06 (2) 

Tin .04 (60) 
Fi .248011 
Fei .29 (2) 
Fei .51 (1) 

FIT .02 (50) 
Tin .32 [I] 

Tin 9.77 (35) 
Fei .35 (1) 
Sen .38 (20) 
Fi .596011 
Tin .63 (precl) 

Fei .30 (3) 
Fei .45 (2) 
Nil .5530111 


4391 


.10 

.51 
.27 

.07 
9.69 

.36 

.01 
.70 

.78 


5n 

2 

4n 

2-3n 
2 

1 

2-3 
5 
1 


.13 

.72 
.15 

7.73 
9.61 

.37 

.07 
.80 
* .73 




3~4n 

1 
3n . 

l-2n 
3nn 

3 
3 

2nn 

1 

1 
2 
2-3 


4393 


4395 


.49 


In 


4398 . . . 


4400 


.30 


1: 


4401 . ... 


4403 






4404 .... 






Fei .75 (8) II 
Fi .65801 

Fi .65701 
Tin .67 (1) 
Fei .72(2)111 
Fi8.21 701 

FeiSA2 (4) III 
Fe i . 12 (2) 
Tin .25 (tr) 
Tin .54 (tr) 

Fei .72(2) 
TV ii 1.08 (15) 

TV ii .95(1) 


4406 






4407 






4409 


.99 


1: 


.67 


5 


.26 

.68 

2.09 
.51 
5.05 


4410 


4411 . ... 






.65 
4.17 


In 
3-4n 


4413 


.36 
.51 


1: 
1 


4414 


Fei 5. 13 (8) II 
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TABLE VCtmtiwwd 



X 


6 Aur 


a'-' O Vtt 


ft Cr B 


Identification 


4416 


.99 


2 


.62 
.66 
.10 

.90 
.13 

.67 


In: 
1: 
2-3 

1-2: 
4n 

4n 


.74 

.74 
8.99 

.87 
.51 

.00 

.47 

.38 

.12 

1.82 
.26 


1-.2 
1-2 
1-2 

l:n 
3-4n 

2 
1 

3nr 

3-4 

1 
2n 


Fen .81 (4) 
Tin .72(40) 

Gdn .03 150 
Tin .34 (1) 

Mnn .78 (2) 


4417 


4419 


.54 


In 


4420 


4422 . ... 


.24 

.80 


In 
1 


Tin 1.95 (1) 
Fei .57 (4) III 
FH .59 (40) 

Fei 3. 86 (2) 

Co i .43501 
Fei .66 (1) 

Fei .31 (J>) I 
Tin .89 (pred) 
JlfflfiiS.OO (7) 

Fei .20 (2) IV 
Fei .62 (4) III 

Ti u . 08 (tr) 

Fei .22 (2) IV 
Fei .39 

Mg ii 3. 99 (8) 

Ca i 4. 95 60 I 

Fei 5. 15 (2) 11 A 
Ca i 5. 67 40 I 
Mgn .48 (5) 


4424 


4425 


4427 


.96 

.67 
.43 


1 

1 2 
1: 


.38 
.42 


2-3 
3-4n 


4430 


4432 .... 


4433 






4434 


.00 
.15 


1 
1 


.01 
5.52 

.08 


3-4 

4-5 

1: 


4436 


5.42 

.01 
33 


4-5 

2 

2n 


4438 . . 


4441 






Fei 0.84 (1) 
Fei 0.97 (2) 
rtn .73 (pred) 

Zrn .99 (25) 

Fei .20 (3) III 
Til .80 (50) 

Tin .56(1) 

Fei 6. 85 (2) 
Fei 7. 14 (2) IV 

Fei .73 (5) III 


4442 


.42 


1: 








4443 


.39 

.51 
.91 

.68 


6 

3 
2 

4-5 


.85 


3n 


4444 


.79 


1: 


4445 


6.01 

.i 

.53 


2n 
1 


4447 


.70 

.78 


1: 
1: 


4449 
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TABLE V Continued 



A 


Aur 


a' C Vii 


ft Cr H 


Identification 


4450 






.75 


3n 


.39 


3 


Fei .32 (2) 
Tin .49 (10) 


4451 


.58 


1: 


4453 






.02 
.96 


1 
3n 




4454 






.91 


2-3n 


Fei .39 (3) III 
Fei .67 (1) 
Cai .77801 
Zm .80 (10) 
Fei 5. 04 (2) 

Cai .87401 
Cai 6. 61 10 II 

Ti ii 6. 64 (tr) 
Zrn .42 (8) 

Fe i . 10 (2) 
Mm .261211 

Nil .0520111 
Fe i . 13 (5) III 

Fei .21 (2) 
Zru .23 (10) 
Fei .66(4) I 
Fei 2. 01 (3) IV 


4455 


.50 
.22 


1 
1: 


4457 


.24 


1-2: 






4458 . 


.15 
.16 

.57 

.35 
.59 

.57 


1 
2 
3-4 

1 
3 

2 


4459 










4461 


.34 


2 


.42 


3 


4463 . 


4464 
4466 


.60 

.04 
.40 


1 

1 
1 


.43 


1: 


Tin .46(1) 
Mm .68811 
Fei .77 (2) IV 

Fei .56(5) II 
Fei .94 (2) 


4467 






4468 


.34 


2-3n 


.55 
.16 

1.10 
.69 

.46 
5.94 


1-2 
1-2 

2 
2 

In 
2 


Tin .49 (50) 

Ti u . 15 (tr) 
Fei .39 (4) IV 

Tin .86 (tr) 

Fei .71 (2) 
Fen .91 (pred) 


4469 






4470 


.89 
.95 


1: 
In 


.94 
3.17 


3 
3 


4472 


4474 


4476 


.10 


1: 


5.25 
.22 
.70 


1 
In: 
1: 


Fei .02 (7) III 


4477 


4478 


.53 


1 


.19 


1-2 


Afnn .74(1) 
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TABLE V-~ Continued 



\ 


e Aur 


a C Vn 


d Cr B 


Identification 


4481 


.22 


5 


.25 


8 


.24 
.60 


4-5 
1 


AfffnHjH(lOO) 

I <* ) 

Fe i . 18 (3) I 
Fei .26 (4) 
Fei .75 (2) 


4482 . . 


4483 


.97 


1 


.60 


2-3 


4484 


.81 


In 


Fei .24 (3) IV 
Fei .67 (2) 


4485 






.98 


1-2 


4486 


.66 


1 






4488 . ... 






.16 
.11 

.54 
.22 
52 

6.41 

8.98 


1 

2 

1 
1: 
1-2 

1 
1 


Fei .13 (2) 
Tin .32 (15) 

Fei 8. 92 (2) IV 

Fen .21 (4) 

M 

Feit .41 (4) 
Ti ii .54(1] 

Zrn .41 (8) 
Fei .57 (5) III 

Oi6.8625RI 
Zrn6.96 (15) 

On 8: 73 (6 III) 


4489 


.18 

.44 
.79 


2 

1 
1 


8.98 

.53 

t 


3-4n 
2 


4491 


4493 


4494 . . 


.11 
.14 


3n 
1: 


4497 


.14 

.44 
.99 


1 

1 
1-2 


4499 
4500 


.80 


3-4n 


4501 


.25 


3n 


Tin .27 (40) 


4503 


.39 
.10 


1 
1 


.16 


3-4n 


4505 


4.65 

6.68 

8.82 


1 

2n 
l-2n 


Cm 4.54 (pred) , 
Fei 4. 85 (2) 

Tin 6. 74 (pred) 
Fen 8. 29 (8) 


4507 


.06 
8.16 
.87 
1.99 
.38 
.55 


2 
2-3 
3 
3 
4-5 
4 


4507 


.96 


2n 


4509 


4512 


.04 
.19 
.30 

.82 


In 
1 
3-4 
1: 


1.93 
.66 
.43 
.29 


2 
3 
3 
1 




4514 


Fe i . 19 (2) 
Fen .34 (6) 
Fei .53 (2) 


4515 . . 


4517....... 
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TABLE VContinued 



X 


8 Aur 


a* C Vn 


0CrB 


Identification 


4518 






.75 
0.23 
.68 

.87 


1 
4 
5-6 

1 


.52 
0.20 
.79 

5.01 
.92 

.71 
.55 

.10 
.30 

.13 
5.62 


1 
2-3 
4 

3 

l~2n 

1-2 
1 

2 
1 

3 
2 


Til .035011 

Feu .24(6) 

Feu .64 (6) 
Til .804011 

Fei 5. 15 (3) IV 
Tin 5. 25 (pred) 

Cn .46 (15) II 
Fei .57 (2) 

Fei .62 (7) II 

Fei .56 (1) 
Fei .68 (2) 

Fe i . 16 (5) II 

Til .258011 
Tin .97 (30) 

Fe ii . 18 (*) 
Mgn .26 (4) 

TV i 5. 57 50 II 
Til 5. 92 40 II 
Til .0540 II 


4519 . . 


.82 

.61 


1 
1 


4522 


4524 


4526 


.18 


1 


'4528 






4529 






.76 


1 


4531 . 


.90 

.84 

.92 


1: 
1 

1 


4533 
4534 
4536 


.97 


6 


.44 

8.04 
.74 
.62 

.87 


1: 

I 
2-3 
4 

In 


4537 


.48 
.56 
.51 


1: 
1-2 
1 


4539 


.71 

.08 

- .11 
.90] 


2-3 
2 

2n 




4541 . 


Fen .33 (1) 
Feu .53 (*) 

Tin .03 (tr) 
On .69 (pred) 
Til .703011 

Ti u . 16 (tr) 


4544 


4545 


.36 


1: 


4546 


.95 

.58 

.02 


l-2n 

7-8 

l:n 


4549 


.45 
.11 

.38 


3-4 
1 

2-3n 


.61 
.50 

3 91 


6 
1 

3n 


Fen .48 (4) 
Tin .62 (60) 

Ti u . 25 (pred) 
Til .463511 

Fei .55(2), 

Zrn .96 (12) 
an4.04 1000R 
Cr n 5. 00 (2) 

Fen .90 (6) 


4552 . . 


4555 


4555 


.89 


4n 


6.21 
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TABLE V Continued 



X 


9 Aur 


a* C Vn 


Cr B 


Identification 


4558 


.81 

.59 

.28 
.02 

.49 


4-5 

1 
1 
1 

1: 


.57 


4 


.65 

0.84 
3.77 
5.62 


4 

In 
2-3 
2 


Crn .66 (20) 
Cr n . 78 (pred) 

FeiO.ll (2) 
Tin 3. 76 (30) 

Fei 5. 32 (2) 
Fei 5.68 (2) 
On 5. 78 (2) 

Ti n 8. 31 [1] 


4561 


4564 


3.66 
5.71 


2-3 
3 


4566 


4568 


4569 


.44 
.44 


1 
5 


.67 
1.81 

.85 
.34 

.67 

.46 

.57 

.83 

.90 
.36 
.00 

.25 

.79 
5.89 

.06 


1 
4n 
1 
2 

2n 

1 

1 
2-3 

1-2 
3 
1 

23 

1-2 
1 2 

1-2 


4572 


.16 


l:n 


Tin 1.97 (50) 
Fei .73 (2) 

Feu .31 (4) 
Fen M (10) 

Fei .34 (1) 
Fei .83 (1) 
O i 0.06 (20) 1 
Tin 0.47 [1] 

Cat .41 40 1 1 
Fei .53 (2) 

Fen .83 (*) 

Tin .45(1] 
Fen .84 (8) 

Ca i . 87 50 II 
V i 6. 36 50 I 

Crn .21 (20) 
Cr u . 40 (pred) . 

Crn 9. 89 (pred) 
On 9. 94(1) 
TV ii 9. 96 (2) 

Crn .06 (2) 
Fei .66(4) IB 

V i 4. 10 60 I 

Fei 5. 37 (2) 
Fen 5. 69 (*) 
Fei .06 (2) 

Fe i . 14 (2) 


4574 


4576 


.34 

.89 


1 
1 






4579 






4581 






4582 










4583 


.79 


3n 






4585 






4588 


.16 


2-3n 






4590 






4592 . 


.10 

.99 
.18 

.89 


1 

1: 
1 

1 






4593 






4596 






4^ f >98 . . . . 
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TABLE V Continued 



X 


Aur 


a* C Vn 


$ Cr B 


Identification 


4600 


.85 


1: 






1.10 
.91 


2~3n 
1 


Cri .75201 
Feiil.38(*) 
Fei 2. 01 (2) 

Fei .95 (4) IB 


4602 . 






4604 


.94 


1 






4605 






.60 
.62 
.49 
1.52 

.38 


l-2n 
2 
1 
23 
1 


Fei .25 (2) 
Fei .66 (4) V 


4607 










4609 










4612. . . 


.30 


1: 






Fei 1.29 (4) 111 

Fei .22 (3) V 
Cri .37 15 I 


4613 . 






4614 


.36 
.73 

.33 
.91 


1: 
2-3 

2 
2 3n 






4616 






.37 

.08 

.91 

.28 


3 
3 

In 
2-3n 


Cr i . 14 (25) I 
Cm .67 (3) 

Fei 8. 76 (2) 
On 8.82 (10) 
Fei .30 (4) IV 


4619 






4621 






4625 . 






Fei .06 (4) IV 
Cr i . 19 (20) I 


4626 


.04 


In 






4628 . . 






.25 
.43 

.39 
.02 


1 
1 

1 
2-3n 


4629 


.31 


2-3 






Feu .33 (4) 
Til .34 15 I II 

Fei .92 (3) III? 
Cm .09 (10) 
Fen .35 [1] 

Fei 7.51 (4) IV 
Fei .02 (4) IV 

Ti i 9. 94 15 III 


4632 






4634 








4635 


.18 
.54 


2-3n 
1 






4638 






7.73 
.26 


2 

In 


4640 






4641 


.25 
.38 
.26 


12 
1 
1 






4643 






.66 
.57 
.43 


1: 
3 
1-2 


Fei .47(3) 
Cr i . 17 40 I 

Nil .6615111 
Fen9.32(*) 


4646 






4648 .... 
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TABLE V Continued 



X 


6 Aur 


o C Vn 


ft Cr It 


Identification 


4651 


.39 
.08 


1: 
1: 






.55 
.50 

.87 


2 
3 

3n 


CVi .30 (20) 1 

Fei .50(4) 11? 
Fei ,64 (3) V 

Fe n 7. 01 (*) 
Tin .21 (tr) 


4654 






4656 






4657 . . . 


.07 
.41 
.75 

.88 

.02 
.16 


1 
1 
2 
2 

2 
2 






4659 










4663 






.57 
.76 


3 

4 


Fen .72 (*) 

Fen .75(*) 
Fe i 7. 46 (4) V 

Sen .40{10) 


4666 . . 






4670 






4673 
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TABLE VJ 
ELEMENTS PRESENT IN A-TYPE STARS 





1J f,,tH> 


uSgr 


aCyg 


c Aur 


a Lyr 


y Gem 


// 


Stronger than 
in a Cygni ; 
much weak- 
er than in 
Vega and 
Sirius 


Weaker by far 
than in other 
standard 
stars 


Weak and nar- 
row 


Weak and nar- 
row 


Very wide and 
strong 


Very wide and 
strong 


Hei.... 


All strong lines 
present but 
not out- 
standing 


Lines very 
strong prob- 
ably vari- 
able in in- 
tensity 


X 4471 present 
and un- 
blended on 
three-prism 
plates 


Absent 


X 4471 un- 
blended on 
three-prism 
plates; 
slightly < a 
Oygni 


X 4471 as in 
Vega 


Ci. 


Absent 


Absent 


Absent 


Lines in 4770 


Absent 


Absent 










region pres- 
ent ; weaker 
than in a 
Persei 






Cn.... 


Faintly pres- 
ent 


Present; of 
moderate in- 
tensity 


Doubtfully 
present 


Absent 


Absent- 


Absent 


Nil.... 


Faintly pres- 
ent 


Present ; rather 
weak 


Absent 


Absent 


Absent 


Absent 


Oi 


Faintly pres- 


Absent 


Doubtfully 


Absent 


Doubtfully 


Faintly 




ent 




present 




present 


present 


On. . .. 


Doubtful; pos- 
sibly a trace 


Faintly pres- 
ent 


Absent 


Absent 


Absent- 


Absent 


Mgi... 


Singlets faintly 
present; 
strong 
triplets not 
in region ob- 
served 


Singlets doubt- 
fully pres- 
ent 


Rather weak 


Strongest sin- 
glet lines of 
intensity 2 


Strongest sin- 
glet lines of 
intensity 1 


Considerably 
stronger 
than in a 
Lyrae 


Mg ii ... 


X4481 strong; 
weak high- 
excitation 
lines also 
present 


As in TJ Leonis 


As in 77 Leonis 


X4481 strong; 
fainter lines 
not observed 


See Aurigae 


See T? Leonis 


All.... 


Ultimate dou- 
blet rather 
faint 


Probably 
somewhat 
weaker 
than in 77 
Leonis 


See r? Leonis 


Lines of con- 
siderable 
strength 


Of moderate 
intensity 


As in a Lyrae 


Alii.... 


Absent 


Absent 


Probably faint- 
ly present 


Absent 


Absent 


Absent 
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TABLE VI Continued 





15 U Ma 


a And 


rEri 


* Her 


fl Aur 


ftCr B 


H 


Considerably 


Wide and 


Wide and 


Wide and 


Wide and 


Considerably 




weaker than 
in Vega 


strong 


strong 


strong 


strong 


weaker than 
in Vega 


Hei.... 


Absent 


Principal lines 
present but 
faint 


Principal lines 
present but 
faint 


Principal lines 
present but- 
faint 


Probably ab- 
sent 


Absent 


Ci 


Spectral region 


Spectral region 


Spectral region 


Spectral region 


Spectral region 


Spectral region 




not included 


not included 


not included 


not included 


not included 


not included 


C H .... 


Absent 


Present; rather 
weak 


Present; rather 
weak 


Present ; rather- 
weak 


Absent 


Absent 


Nn:... 


Absent 


Doubtfully 
present 


Absent 


Absent? 


Absent 


Absent 


Qi*.... 


Uncertain be- 
cause of 
blends 


Absent 


Uncertain be- 
cause of 
blends 


Uncertain be- 
cause of 
blends 


Presence very 
doubtful 


Uncertain be- 
cause of 
blends 


On .... 


Absent 


Absent- 


Absent 


Absent 


Absent 


Absent 


Mg i . . . 


Probably 
somewhat 
stronger 
than in 7 
Gcminorum 


Singlets absent 


Singlets rather 
weak 


Singlets rat her 
weak 


Singlets faint- 
ly present 


Somewhat 
stronger 
than in B 
Aurigae 


Mg u.. . 


See e Aurigae 


X 4481 strong; 
trace of 
fainter lines 


See a Androm- 
edae 


See a Androm- 
edae 


See a Androrn- 
edae 


See Aurigae 


All.... 


See c Aurigae 


Not in range 
measured 


Not in range 
measured 


Not in range 
measured 


Presence 
doubtful 


Not in range 
measured 


Alii 


Absent 


Absent 


Absent 


Absent 


Absent 


Absent 



* Strong lines of N i and i have been ohHerved in the infra-red region of several A-type at&rs by Merrill (Ap. /., 70, 18,3, 1034). 
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TABLE VlCmtinued 





t/ Leo 


,Sgr 


Cyg 


Aur 


Lyr 


7 Gem 


Si i .... 


Absent 


Absent 


Absent 


Absent 


X 4103 prob- 
ably masked 
in wing of 
775 


See a Lyrae 


Si ii .... 


XX 4128-4130 
outstanding 
fainter lines 
also present 


See 77 Leonis; 
XX4128-4130 
almost as 
strong as 7/5 


See 77 Leonis 


XX 4128-4130 
strong 


See Aurigae 


See c Aurigae 


Si in. . ., 


X 4552 may be 
faintly pres- 
ent 


May be pres- 
ent 


Absent 


Absent 


Absent 


Absent 


S n .... 


Faintly pres- 
ent- 


Well marked; 
stronger 
than in any 
other star 


A trace may be 
present 


Absent 


Absent 


Absent 


An.... 


Probably ab- 
sent 


A number of 
unblended 
lines; defi- 
nitely pres- 
ent 


Absent 


Absent 


Absent 


Absent 


Cai.... 


X 4226 faintly 
present 


Probably ab- 
sent 


X 4226 faintly 
present 


X 4226 strong 


X 4226 of mod- 
erate in- 
tensity 


As in a Lyrae 


Ca ii . . . 


For intensity 
of K line see 
Table I 


See 77 Leonis 


See 77 Leonis 


See rj Leonis 


See 77 Leonis 


See 77 Lconis 


Sen.... 


Rather weak 


Rather weak 


Slightly > 
77 Leonis 


Very strong 


As in a Cygni 


About as in 
a Cygni 


Til.... 


Absent 


Absent 


Absent 


Absent? 
Trace of 
X 4533 sus- 
pected 


Absent? 


Probably 
faintly 
present 


Ti n ... 


For behavior 
of X 4501 see 
Table I 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


Fi . 


Absent 


Absent 


Absent 


Probably ab- 


Probably a 


As in a Lyrae 










sent 


trace 




FII.... 


Faintly pres- 
ent 


Absent 


Rather weak ; 
stronger 
than in rj 
Leonis 


Well marked 


Absent 


Present; rat her 
weak 
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TABLE V Continued 





lf> U Ma 


a And 


r> Eri 


* Her 


Aur 


ft Or B 


Si i . . . . 


X 4103 of mod- 
erate inten- 
sity 


Absent? 


See a Lyrae 


See a Lyrae 


Possibly faint- 
ly present 


See a Lyrae 


Si ii .... 


Moderately 
strong 


Moderately 
strong 


All lines strong 


All lines pres- 
ent but <T 9 
Eridani 


XX 4128-4130 
strong ; 
fainter lines 
doubtful 


Strong lines 
present but 
faint 


Si in . . . 


Absent 


Absent 


Probably faint- 
ly present 


As in r* Eri- 
dani 


Absent 


Absent 


S ii .... 


Absent 


Absent 


Faintly pres- 
ent 


Probably a 
trace 


Absent 


Absent 


A ii .... 


Absent 


Absent 


Absent 


Absent 


Absent 


Absent 

''* V,-' 


Ca i . . . . 


See e Aurigae 


Absent 


Absent 


X 4226 may 
contribute 
to very faint 
blend 


X 4226 con- 
tributes to 
faint blend 


X4226 present 
as weak line 


Ca ii ... 


See 77 Leon is 


See 77 Leonis 


See V) Leonis 


See T? Leonis 


See 77 Leonis 


See 77 Leonis 


Sc ii .... 


Blended; prob- 
ably of mod- 
erate inten- 
sity 


Probably ab- 
sent 


May be faintly 
present 


As in a Lyrae 


Absent? 


Blended ; prob- 
ably present 


Til. ... 


Present but 
rather weak 


Absent 


Absent 


Absent 


Absent 


Faintly pres- 
sent 


Tin.... 


See 77 Leonis 


See 77 Leonis 


See r? Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


Fi 


Faintly pres- 


Absent 


Absent- 


Absent 


Absent 


Probably con- 




ent 










tributes to 
blend 


Vn.... 


Of moderate 
intensity 


Absent 


Possibly a 
trace 


Absent 


Absent 


Possibly faint- 
ly present 



245 



114 



A DESCRIPTIVE STUDY OF A-TYPE STARS 



TABLE VI Continued 





?; Leo 


vSgr 


aCyg 


Aur 


o Lyr 


y Gem 


Cri.... 


Strongest line 
faintly pres- 
ent 


See 77 Leonis 


See 77 Leonis 


Moderately 
strong 


X 4254 prob- 
ably contrib- 
utes to blenci 


As in Aurigae 


Cm.... 


For behavior 
of X 4558 see 
Table I 


See i) Leonis 


See 77 Leonis 


See TJ Leonis 


See 77 Leonis 


See 77 Leonis 


Mm ... 


Ultimate lines 
near X 4030 
probably 
faintly pres- 
ent 


Probably ab- 
sent 


Faintly pres- 
ent 


Ultimate lines 
of moderate 
intensity 


Faintly pres- 
ent- 


Of moderate 
intensity 


Mn n ... 


Present but 
faint 


Most lines 
faintly pres- 
ent; > TJ 

Leonis 


Absent 


Absent 


Probably 
faintly pres- 
ent 


Doubtful 


Fei. ... 


Lines >7 on 
Burns's scale 
present 


X 4045 faintly 
present; a 
few other 
strong lines 
probably 
blended 


Lines > 6 on 
Burns's scale 
present 


Lines > 3 on 
solar scale 
present 


Lines >5 on 
Burns's scale 
present 


Lines > 3 on 
Burns's scale 
present 


Feu.... 


For behavior 
of X 4233 see 
Table I 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


NIL... 


Absent 


Absent 


Faintly pres- 
ent 


Possibly a 
trace 


Probably ab- 
sent 


May contrib- 
ute to faint 
blends 


Ni ii . . . 


Fairly strong 


Very strong 


As in T; Leonis 


Of moderate 
* intensity 


Probably 
faintly 
present 


Present but 
rather weak 


Zni.. . . 


Not observed; 
out of spec- 
tral range 


Absent 


See rj Leonis 


Probably faint- 
ly present; 
weaker than 
in sun 


See 77 Leonis 


See 77 Leonis 


Srn.... 


For behavior 
of X 4215 see 
Table I 


See 77 Leonis 


See y Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


FH.... 


Present but 
rather weak 


As in 77 Leonis 


About as in tj 
Leonis 


Very strong 


Faintly pres- 
ent 


Somewhat 
stronger 
than in a 
Lyrae 
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TABLE VI Continued 





15 U Ma 


a And 


r Eri 


vHer 


9 Aur 


0CrB 


Cr i .... 


Well marked 


Absent 


Faintly pres- 
ent 


Faintly pres- 
ent 


Faintly pres- 
ent 


Fairly strong 


Cm.... 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


Mn i. . . 


Strong 


Faintly pres- 
ent 


Possibly a 
trace 


Intermediate 
in intensity 


Rather weak 


Moderately 
strong 


Mn n ... 


Absent 


Well marked 


Probably a 
trace 


Well marked 


Almost all 
lines faintly 
present 


Probably 


Fei 


Lines >2 on 
solar scale 
present 


Possibly a 
trace of 
X 4045 


A few of the 
strongest 
lines faintly 
present 


Lines > 5 on 
Burns's scale 
present 


A half-dozen 
of the strong- 
est lines 
faintly pres- 
ent 


Lines > 2 On 

*' solar scale 
present 


Feu.... 


Stronger than 
in Vega and 
7 Gerni- 
norum 


See 77 Leonis 


See. 17 Leonis 


See T? Leonis 


See 77 Leonis 


Weaker tfyan 
in 15 v Ma- 
joris 


Nil.... 


May contrib- 
ute to blends 


Absent 


Doubtful star 
line agrees 
in position 
with X 4401 


Probably 
faintly 
present 


Absent 


May contrib- 
ute to blends 


Ni ii ... 


Probably con- 
tribute to 
blends 


Faintly pres- 
ent 


Absent 


Faintly pres- 
ent 


Probably 
present 


May contrib- 
ute to blends 


Zni.... 


See 77 Leonis 


See r) Leonis 


See r) Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


Srn.... 


See 77 Leonis 


See 77 Leonis 


See r; Leonis 


See 77 Leonis 


See 77 Leonis 


See 77 Leonis 


FII.... 


Strong 


Possibly a 
trace 


Faintly pres- 
ent 


Strong 


Faintly pres- 
ent 


Probably 
faintly pres- 
ent 
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TABLE VlConiinued 





17 Leo 


uSgr 


Cyg 


Aur 


a Lyr 


y Gem 


Zru 

Ba n ... 
La n ... 
Cen.... 
Eu ii ... 


Probably a 
trace 


Absent 


Faintly pres- 
ent- 


Very strong 


Faintly pres- 
ent- 


Probably 
slightly 
stronger 
than in a 
Lyrae 


Absent 


Absent 


Absent 


May be faintly 
present 


Absent 


Rather faint 


Absent 


Absent 


Absent 


Probably 
faintly pres- 
ent 


Possibly a 
trace 


Possibly a 
trace 


Although there are a number of coincidences of stellar lines in A- type stars with strong laboratory 
lines of Cc 11, plates of higher dispersion are needed to settle the presence or absence of this 
element. 


Absent 


Absent 


Absent 


Absent? 


Absent 


Absent? 
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15 U Ma 


a And 


V '. V ' rEri 


*Her 


Aur 


0Cr B 


Zrn. . . 


Moderately 
strong 


Absent 


Trace? 


All of strong- 
est lines 
present 


Probably a 
trace 


Rather weak 


Ba ii . . . 


Well marked 


Absent 


Doubtful con- 
tributor to 
blends 


Faintly pres- 
ent 


Probably con- 
tributes to 
blend 


Probably con- 
tributes to 
blend 


La ii . . . 


Definitely 
present ; 
rather faint 


Absent 


Absent 


Absent 


Absent 


Absent 


Ce ii 




























Eu ii ... 


Absent ? 


Absent 


Possibly pres- 
ent 


Possibly pres- 
ent 


Present? 


Very strong 

i&. , y(( , 
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An examination of the behavior of the elements in such heterogeneous AO stars as Vega, a An- 
drornedae, r g Eridani, Aurigae, and a 2 Canum Venaticorum shows how difficult it is to devise a 
satisfactory system of classification. No two of the foregoing spectra are at all similar, but even 
these six examples do not exhaust all the possibilities. To cite two other examples, the stars 21 
Persei and BS 1732, both of types AO, have certain peculiarities quite different from any of the 
standard stars. In the spectrum of 21 Persei Sr 11 4077 is strong arid lines of Mn n and Eu n 
are outstanding. The general features of the spectrum of BS 1732 are similar to that of r 9 Eridani, 
but Si -in 4552 which is vanishingly weak in the few AO stars in w r hich it is observed at all is 
actually stronger than in the B8 supergiant ft Orionis. The spectrum of BS 1732 is variable and the 
Si in line probably has a variable intensity. 

10. From the foregoing discussion it seems safe to conclude that there is some physical factor 
other than temperature and surface gravity concerned in the production of the spectra of the A 
stars and that the additional factor is probably variable effective abundance in a number of the 
elements observed, if not in all of them. 

I am indebted to Miss Vivian Peterson for most of the wave-length reductions and for the careful 
typing of the manuscript. 

SUMMARY 

A qualitative description of the A -type spectra brighter than magnitude 5.5 is given. Definite 
evidence is found for the presence of a physical variable in addition to temperature and surface 
gravity. It seems very probable that this additional variable is the effective abundance of the ele- 
ments. 

YKKKES OBSERVATORY, WILLIAMS BAY, Wis. 
June 27, 1934 



